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PREFACE 


One of the greatest needs of technical and mechanical fields 
today is well trained mechanics and workers who are skilled not 
only with their hands — but who are also trained to think about 
their immediate tasks and those further up the line. 


'This Handbook is raeant for both beginners and experienced 
mechanics alike who are anxious to do their work so well that 
progress is assured. It offers in simple, technical form, vital time, 
labor and error saving information — arranged, indexed and 
cross-referenced in such a way that it can be found quickly and 
easily. 


Actual experience of mechanics, engineers, draftsmen, etc., 
has dietated what information should be contained in the Uni- 
versal Machinists Handbook. Every effort has been made to 
make this one book more valuable and easier to use than the usual 
bulky volumes necessary to find adequate information. 


Over thirty-six years have elapsed since the first edition 
of this Handbook was offered as a crude blueprint book. During 
its fifteen editions, many changes have taken place in machines, 
tools, parts and materials. These changes have made it necessary 
to add much new data in order to keep it up-to-date. Material 
no longer vital has been eliminated. 


This Fifteenth Edition is completely revised and thor- 
oughly enlarged to cover wider fields of shop activities than ever 
before, Every effort has been made to give only the best, most 
modern and practical data used in today's highly developed 
machine shop and engineering practice. 


Suggestions and criticisms from users of this book are always 
welcome. 


THE PUBLISHERS 
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We wish to thank the following firms for their courteous co-operation and aid in gathering and pre- 


paring certain of the new information and tables contained in this edition of the handbook. 


American Iron ànd Steel Institute 

American Leather Belting Ass'n 

Bethlehem Steel Co. "Мапиа! of Steel 
Construction," Copyright 1934 

Bonney Forge & Tool Works 

Bridgeport Brass Company 

Brown & Sharpe Mfg. Co. 

Boston Gear Works, Inc. 

Carnegie-Illinois ‘Steel Corp. 

Cincinnati Milling Machine 

Cincinnati Shaper Co. 

Cleveland Twist Drill Co. 

Crane Company 

Dayton Rubber Co. 

Division Lead Co. 

Eastern Machine Screw Corp. 

Foote Bros. Gear & Machine Co. 

Gary Screw & Bolt Co. 

General Electric Co. 

Illinois Tool Works (Catalogue D) 


Turning Wood, Fibre and Plastics 


Jacobs Mfg. Сс 

Kearney & Trecker Corp. 

R. K. LeBond Machine Tool Co. 

Lincoln Electric Co. 

Link-Belt Co. 

Mill & Factory 

Modern Enginéering Co. 

Morse Twist Drill & Machine Co 

National Lumber Mfrs. Ass’n 

New Departure, Division of 
General Motors Corp. 

Republic Steel Co. 

Jos. T. Ryerson & Son., Inc. | 
“General Data Book,” Copyright 1940 

Sheffield Gage Corp. 

South Bend Lathe Works 

Standard Tool Co. 

The L. S. Starrett Co, 

Thermoid Corp, 

Waukesha Motor Co 


Turning wood in a metal working lathe is a very simple matter. 
Spur and cup centers are substituted for the 60° centers, a hand rest 
is attached and the lathe is ready for wood turning. 


Special pulleys may be used 
on the motor and countershaft 
to provide a series of high 
spindle speeds for wood turn- 
ing, in addition to the reguiar 
speeds for metal work. 


Other materials may be ma- 
chined as well. Alabaster, Cat- 
alin, Bakelite, fibre and other 
plastics, synthetic resins, etc., 
may be turned and polished 
with complete satisfaction. 





Hand Rest 


Spur Center 


Cup Center 








Standard Lathe Dog 





Wood Turning in a Metal Working 
Lathe 





Safety Lathe Dog 
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HOW TO TAKE ACCURATE MEASUREMENTS 


The ability to take accurate measurements can be acquired only 
by practice and experience. Careful and accurate measurements are 
essential to good machine work. All measurements should be made 
with an accurately graduated steel scale or а micrometer. Never use 
Й а cheap steel scale ог а wood ruler, as they аге likely to be inaccurate 

and may cause spoiled work. 


| An experienced mechanic can take measurements with a steel scale 
| and calipers to a surprising degree of accuracy. This is accomplished 
| by developing a sensitive ‘‘caliper feel" and by carefully setting the 
| calipers so that they “өрік the line" graduated on the scale. 


Caliper Feel 


The accuracy of all contact measurements is dependent upon the 
sense of touch or feel. The caliper should be delicately and lightly held 
in the finger tips, not gripped tightly. If the caliper is gripped tightly, 
the sense of touch is very much impaired 


OUTSIDE CALIPERS 


Outside calipers are used to measure the diameters of the work being turned. There 


are three kinds of calipers: Spring Calipers Fig. 1, firm point calipers Fig. 2, and/or 
“mikes” Fig. 3. 


Spring Calipers are provided with a screw and adjusting nut for quick setting to 
size, whereas the firm joint calipers are set by tapping one leg against a solid object. 
Both types have their advantages. The spring type is much preferred on small work, 
while on large diameter work, the solid joint type because of stiffer legs is better. 








Continued on next page 
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TO SET AN OUTSIDE CALIPER 


To set calipers to a diameter with the use of a scale in the right hand, using the 


forefinger to keep the one leg from slipping off end of the scale and adjust the caliper 


Fig. 4, to the dimension required. Some mechanies become quite expert at setting 





Be certain, however, that the part is 
not worn where you set the calipers. Try 
the calipers at different points to see if the 
piece is round and that vou are not caliper- 
ing on the smallest diameter. When. cal- 
ipering a piece of work it is best to hold the 
caliper in a vertical position Fig. 5, with 
the legs at right angles to the axis of the 
piece, and adjust to a point where the 
weight of the calipers will just allow the 
points to pass over the diameter of the 
piece. This slight resistance is known as the 























calipers, acquiring a “feel” that enables 
them to set calipers to .005 of an inch. In 


many cases your work will be to reproduce 


) broken parts, and the calipers can be set 
from the broken part. 





"feel", Never force the calipers over the 
piece as the legs will spring, and inaccuracy 
will result. If you get the same "feel" on 
the sample as you get on the piece being 
turned, the diameter will correspond with- 


in the closed limits. 


Never try to caliper a piece revolving 
in the lathe where accuracy is required. 
For obtaining the approximate diameter 
this is permissible, but for accurate dimen- 


sions, the lathe should be stopped. 


The proper method for measuring with an outside caliper. To measure the diameter 
of a cylinder is shown in Fig. 6. Hold the caliper at right angles to the center line of the 
work, and is pushed gently back and forth across the diameter of the cylinder to be 
measured. The caliper when properly adjusted, it should easily slip over the shaft of 


its own weight. 
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INSIDE CALIPER: 








Fig. 7 
caliper. This can be done best by holding 
the micrometer in the left hand and the 
inside caliper in the right hand Fig. 8, and 
adjusting it until the proper "feel" is 
obtained. The adjustment is obtained by 
rocking the caliper in a vertical plane be- 
tween the axis of the anvil and spindle of 
the micrometer. When calipering a hole, 
Fig. 9, set one leg of the inside micrometer 
caliper in the hole, pivoting the caliper in 
a vertical plane and adjusting until the 
other leg enters the hole. By rocking and 





Fig. 9 


holding the outside caliper in the 
left hand supporting it between 
the thumb and forefinger, Fig. 
10, with the second finger of the 
left hand supporting the lower 
legs of the outside and. inside 
calipers to be set. The inside 
calipers are held in the right 
hand with the adjusting nut be- 
tween the thumb and forefinger. 
By rocking the inside caliper in 
a vertical plane and adjusting it 
until the proper ‘feel is ob- 
tained, accurate transfer from 
one to the other can be made. 


Inside calipers are used for internal 
work such as bored and reamed holes and 
are made both in the spring and firm joint 
type. In sétting the calipers to a seale, hold 
the scale against a flat surface, placing one 
leg against the flat surface and adjusting 
the other leg to the required dimension, 
Fig. 7. 


If you are boring to accurate dimen- 
sions, set a micrometer to the dimension 
required and transfer this to your inside 





adjusting the caliper, the proper “feel,” 
across the largest diameter can be ob- 
tained. If the calipers are forced into the 
hole, the legs will spring and an inaccurate 
measurement will be obtained. When bor- 
ing a hole to fit a shaft or turning a shaft. 
to fit a hole, it is necessary to transfer 
measurement fron: outside to inside cal- 
ipers and vice versa. This can be.done by 





Fig. 10 
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How-to read а Heimaphrodiate Cal- 
iper shown in Fig. 11, is set from the end 
of the scale exactly the same as the outside 
caliper. 





Fig. 11 Hermaphrodite | 
Caliper | 


HOW ТО READ AND HOLD А МСВОМЕТЕВ 


The Micrometer Caliper, Fig. 12, is used 
for sseasuring to very close dimensions, its 
graduations reading to one-thousandth of an 
inch. It consists of five principal parts, the 
frame “А”, the Anvil “В”, the Spindle “С”, 
the Sleeve "Р", and the Thimble “Е”. The 
Spindle “С” has а thread cut on it wh’ch fits 
a tapped hole in the Sleeve “D” that is not 
exposed. The threads are cut 40 to the inch 
so that exactly one revolution of 15. The Thimble “Е” advances the Spindle “С” one- 
fortieth of an inch, or twenty-five thousandths (.025) which is the gap between the 
Anvil "В" and the Spindle “С”, the measuring point. The Sleeve “D” is graduated 
with 40 divisions to the inch and numbered 0—1—2 & to 10, a number at every fourth 
division, so that the figure one, or four divisions, represents 4 ;< .025 of an inch (1/40) 
or one-tenth of an inch (.100). The number last showing on the Sleeve “D” when the 
mike is set on а diameter is the first number after the decimal point is your reading. 
On the bevel edge of the Thimble “Е” are twenty-five graduations, each of these 
representing one-thousandth of an inch. In illustration Fig. 13, you have showing on 
the sleeve seven graduations representing .025 each, equalling 7 X .025 or .175 and 
three graduations on the thimble beyond the zero (0) mark, each representing .001 
зо that the caliper is sét at .175" plus .003”, equalling .178”, or for greater convenience 








read the highest number showing on the sleeve, one-tenth (.1); beyond this read the 
number of graduations showing 3 which equals 3 X .025” or .075, then add to this 
graduations on the Thimble, three making .178. For convenience in using micrometers 


tables of fraction and decimal equivalents, also English and Metic equivalents, will 
be found in this book. 


When calipering with micrometers the same “feel” is necessary as with the other 
calipers, and they should not be forced over the work. | 


Hold the “mikes” between the forefinger and the thumb as shown in Fig. 14, and 
let the weight carry them over the diameter. 
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SUGGESTIONS FOR 
HOLDING MICROMETER CALIPERS 


Do not caliper with the piece revolving as this will damage the anvil and the end 
of the spindle. Check up the “mikes” occasionally with a reference disc (standard 
. gauge) to see that they register correctly. 


How to read An Inside Micrometer Caliper Outside Micrometers Fig. 15, are 
manufactured for diameters of one-half inch and up. They are read the same as outside 
Mierometers. À few suggestions for holding Micrometer Calipers are given in Figs. 16, 
17, 18, 19, 20 and 21. 






Fig. 16 


Outside Micrometer Caliper Measuring the 
Diameter of Work in the Lathe. 


Fig. 17 
In using a one inch Micrometer for small work, hold 
the tool in one hand, turning the thimble with the 
same hand, as shown. This permits freedom of the 
other hand for holding the work. Їп measuring 
larger or stationary work, the frame should be held 
securely in one hánd while the other hand turns 
‘the thimble. 





In using a larger micrometer, the frame 

should be held securely in one hand at a 

point where its weight is supported most 

conveniently without cramping the measur- 

ing surfaces. The other hand should turn 
the thimble. 


Fig. 18 











14 UNIVERSAL MACHINISTS HANDBOOK 
Fig. 19 







Using an Internal Micrometer Caliper Measuring the 
Diameter of a Machined Hole. 


à Ў € 
Fig. 20 Fig. 21 
Р 1 ~ H ы 
Small internal measurements are taken casily For quick, accurate measurements, Tubular 
and accurately by Inside Micrometer Caliper. Inside Micrometers find many uses. 
Fig. 20 Fig. 21 


CENTERING WORK 


Lathe work may be divided into two principal classes, namely, work machined 
between centers and work machined in chucks. Bar or shaft work is done between the 
centers, the piece to be turned having been previously centered. 


There are many ways of centering a piece of material. In large pro- 
Fig. 22 duction shops this work is done in a centering machine. In small shops 
the lathe operator usually centers his own work. The first thing to do is 
| to find the center on each end of the pieces. This can be done by using 
hermaphrodite calipers. Set the caliper to about one-half the diameter 
of the piece, chalk the end of the piece so the scribe marks can be seen, 
and scribe four arcs, one from each quarter of the circumference (Fig. 22). 
The center of the piece lies between the four ares. Mark the center thus 
located with a center punch. Perform the same operation on the other 
end of the piece and it is ready to have the centers drilled. 
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The center of a piece can also be located by the use of a center head 


on a combination square. Draw two lines at : 


out right angles to each 


other. Where they bisect will be the center of the piece (Fig. 23). 











То center irregularly shaped pieces such as а drop forged brake lever, lay the piece 


in à V-block (Fig. 24) on a plane surface and use a surface gauge for scribing the lines 
on each end. First set the gauge to the approximate height of the center and scribe a line. 
Turning the piece, scribe three more lines, each at about 90 degrees. The center of the 
piece is in the center of the square formed by the scribed lines. 


After the center has been found on each end of the piece and it has been center- 
punched, the actual drilling of the center can be done under a drill press or in the lathe 


itself, 


Locating Center Holes 

There are several good meth- 
ods for accurately locating the 
center holes which must be drilled 
in each end of the work before it 
can be mounted on the lathe cen- 
ters for machining. 


Divider Method 

Chalk the ends of the shaft, 
set the dividers to approximately 
one-half the diameter of the shaft, 
and seribe four lines across each 
end, as shown, 


Centering Irregular Shapes 

Work that is irregular in 
Shape may be centered with a sur- 
face gauge and V-block, as shown, 


Bell Center Punch 

The bell centering cup is 
placed over the end of the work 
and the center punch or plunger 
is struck а sharp blow with the 
hammer, automatically locating 
the center. 
Punching the Center 
j Place the center punch verti- 
cally at the center point and tap 
with a hammer, making a mark 
sufficiently deep so that the work 
will revolve on. the center points 
when placed in the lathe. 





Locating Centers with Dividers 


Centering an Irregular Shape 





Punching Bell 
the Center ^ Center ` Punch 
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Finding center line of А Combination Square Ап ев are determined 
round work is one use for makes a very convenient quickly and accurately with 
Combination Squares. depth gage. 8 Protractor. 


Chalk Mark 


















Chalk Mark 


Testing the Accuracy of Center Punch Marks 


Alignment of Centers 


When turning straight work, try alignment of tailstock center 
with headstock center to be sure work will not be tapered. 


When zero marks are in line on tailstock, top and bottom, 
centers are approximately in line, but due to the impossibility of 
seeing an error of .001" misalignment, it is probable that the work 
will be tapered if а no more sensitive test is applied to the center 
alignment. 






































A test bar as shown in illustration is easy to make and use and 
gives positive results. 
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Micrometers Graduated to len Thousanaths 


There are eleven parallel lines on the sleeve occupying the same space as ten lines 
on the thimble; these lines are numbered 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 0. The difference 
between the width of one of the ten spaces on the sleeve and one of the nine spaces on 
the thimble is one-tenth of a space on the thimble or one ten thousandth of an inch 
in the reading of micrometer. 


In Fig. B the third line from 0 on thimble coincides with the first line on the sleeve. 
The next two lines do not coincide by one-tenth of a space on the thimble, the next two 
marked 5 and 2 are two-tenths apart, and so on. When the micrometer is opened the 
thimble is turned to the left and each space on the thimble represents a thousandth of 
an inch. Therefore, when the thimble is turned so that the lines 5 and 2 coincide the 
micrometer is opened two-tenths of one thousandth or two ten thousandths. If the 
thimble be turned down further, so that the line 10 coincides with the line 7 on the 


sleeve as Fig. C the micrometer has been opened seven ten thousandths. 
prc anaes T THIMBLE - THIMBLE 
9 о o a 





с 
ч 
о 
09876543110 09876548210 
SLEEVE SLEEVE 
s B C 





How to Read Micrometers Graduated for Metric Measure 


The customary pitch of the screw is 44 mm. Thus, 
the distance traversed by the screw or spindle 
during one complete revolution is 44 mm, or .50 
mm, and two complete revolutions are required to 
move the spindle a distance of 1:00 mm. The gradu- 
ations on the barrel conform to the pitch of the 
screw. The upper set of graduations, representing 
mm, is numbered every fifth graduation; the lower 
set of graduations subdivides each mm division into 2 equal parts. The beveled edge 
of the thimble is graduated into 50 parts and figured every fifth division 0, 5, 10, 15, 
20, 25, 30, ete. When fifty of these graduations have passed the horizontal line on the 
barrel, the spindle, having made one revolution, has moved .50 mm. Thus, when the 
spindle moves only far enough to cause one graduation to pass the horizontal line on 
the barrel, it will have moved 1/50 of .50 mm, or .01 mm. The distance between the 
graduations on the thimble is great enough to permit half and quarter hundredths of 
a mm to be readily estimated. 





То read— First note the last figure visible on the scale on the barrel representing а, 
whole mm. Note whether or not a half mm division is visible beyond this graduation. 
Then determine the hundredths mm by the line on thimble coinciding with the horizontal 
line on the barrel. Тће mm shown (plus .50 mm if а half mm graduation shows), plus 
the number of hundredths of a mm, is the reading. 


Ezample:—In cut above, 3 mm graduations are shown; also а № mm graduation is 
visible; on the bevel on the thimble the graduations show 36 divisions from the. zero 
to the line coincident with the line of graduations on the barrel. Then the reading = 
3.00 mm + .50 mm + .36 mm = 3.86 mm. 
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Reliable outside and inside measurements in thousandths of an inch are taken up 
to 48" with a Vernier Caliper. e 








Gear teeth are measured accurately Vernier Height. Gages maintain the 
with the Gear Tooth Vernier Caliper. highest standards for toolroom work. 
© 
о 











BROWN & SHARPE MFG. 
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Bevel Protractor measuring angular Bevel Protractor measures angle and de- 
clearance on ring gear. termines its relationship to other surfaces. 

















Bevel Protractor used with a test Small angles are measured easily with 
block to measure fixture angle. an acute angle attachment. 














Inside. Micrometer №. 263 measures With No. 208, the measuring point 
holes as small as 17, а : села itself to the measurement. 


BROWN & SIIARPE МЕС. CO. 
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Circular Land If it becomes necessary to regrind the diameter of 
Widths and a reamer, the lands must be cleared or relieved to 
Clearances prevent the reamer from binding in the hole. The 

best clearance angle and the best circular land 
width vary with the job, but the following table gives average figures. 




























Diameter Circular Primary 
of Reamer Land Width Clearance Angle 
м“ .007" 14° 
М4" 1009" 117 
1" .013" 9? 
11" .016" 






.023" 





PRIMARY CLEARANCE 






SECONDARY 
CLEARANCE 


CIRCULAR 
LAND WIDTH Б 


А secondary clearance is usually ground on reamers as shown above. 
This clearance is only to insure the back of the land being well away 
from the wall of the reamed hole in order to prevent rubbing. 


Care of Reamers are precision tools and careful treatment 
Reamers of their cutting edges will pay big dividends in 

smooth accurate holes and long life. The use of 
racks, containers, or boxes will be of great help in preventing nicks 
along the cutting edges. 


Useful Information 


Included Point Angle 37°—for bottom and keel plates. 
Included Point Angle 45°—for shell, side and deck plates. 
Included Point Angle 53°—for oil tank and oil tight holes. 
Included Point Angle 45°, 60°, and 78°—for boiler plates. 











Rivet Ske | Hole Sie | Чаваш | Size Gountersink 
% ls 1 1% or 134 
34 1% 1% 15 or 134 
% 1% 1% 134 
y 1% 1% 134 
1% 15% 134 2 or 24 
14 1506 11% 2 о:2М 
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U. S. STANDARD THREADS, BOLTS AND NUTS 






































































































































А ОГБГЕТЕ,СІНІ| 21 
= == - = : 
= 8 = |= « PS | Ва lead ві bm = |484 
ӘНІНЕ з Ї2 18 | 5 |a |82151. 1. 213 | 8 [825 
5 Е: é|S94's |Е |8.|85|84|8 |8 | з |В FIER 
5 Аа 1-15 15518 | „аваас ар з | є» | & |285 
5 з РЕ | 25 | es 23| as 284 2145 | аса 8 AB | « јод“ 
2| 2 5 5 | меш о 5| 24| 92% 3183|85] м | аз о [gag 
8 затар се ЗЕ] 32| sc] ей |2 21581 2 |88 ЕСЕ 
a а 5 ‚8  |а=раз 8-| 5 Ах ре Mos Е ран м | Zan 
a Slo |AlEIA ЈЕ |» ја la la ІВ ІВ Ela љ E 
М Yel | $83 |.0062| 7; | 5 | .185| 06410.04910.027| =; | 15 | зх | 27518 160 
% НІ! 4; 1.0069 ЕН 240| 072| .077| .045| НІЙ | )« | .2764| 34 270 
% Hie 1 3 | 00731 35 8 2941 081| .110| .068| 94 | 43 | ye | .3344| у 410 
15 БІЗ Па | 0089] ; | dà | .345] 092] .150| .093| 818 15 | .3911| 2 560 
%|13 | 1% |134 1.0096] 4 | ть | 400] 099] .196| .126| НІҢ | ve | .4459| d 760 
E Bip [134 1.0104] s | 23 | .454| 108| .249| .162| б Па 115 | .5084] 48 | 1,000 
% 1,1188 [14 1.01131 54 | 33 | .5071.118| .307| „20211 |1ў; | 1% | .5000| 3; | 1,210 
54 папу ПВ |.0125| 34 | 5% 6201.129| .442| „30211 ПВ |4} | .6851| 4} | 1,810 
| 9 WAU 12), 1.0139| 24 | 33 | .731| 144| .601| .420]124 ІНІН | .8029| 34 | 2,520 
1 |8 11541174 [28 1.0151 |Ң | -838| 162| .785| .550]lyg ПН [18 | .9188| 4} | 3,300 
141 7 ИН 12% 1.01781 | 33 | .939].185| .994| .694|14 12% 11% 11.0322| 3} | 4,160 
141712 12% [28 |.0178|]14 |1 1.0641.18611.227| .8911148 [243 Па; [1.1572 157 | 5.350 
1%| 6 [25:126913 0; |.020811% 13% |1.158].215|1.485]1.057|214 |24} 1155 |1.2608|13; | 6,340 
134| 6 |235:234 138: 1.020811% Під; 11283) 216|1.765|1.29512% |213 115 1139181 | 7,770 
19151412112 95 13% 1.022711% 13; 11 3891 .236,2.071]1.5151214 12H 11% 1150701 | 9,090 
134| 5 1234139, (ЗН | 02501134 [1 11 490! 25912 405/1.746/244 3% |134 116201113: 110,470 
1%| 5 [28138 14%, 1.0250] 174 11} [1 6151 26012 76112 0511274 |39 ПН П 74511 112,300 
|2 143413241382 148 1.027812 |172 11 7111.28813 14212 302132. 134% [14 11.8557114} 113,800 





Copyrighted, 1927, by Shields Engineering & Publishing Co., St, Louis, Mo., U.S.A. 





INTERNATIONAL STANDARD THREAD (2 РО 


depth— p X .64952 
Formula 





























(Metzic System) j=fat=— 
Diameter Pitch Diameter Pitch Diameter Pitch 
m/m m/m m/m m: m m/m m/m 
1.0 20 2.5 48 | 
1.0 22 2.5 52 | 
1.28 24 | 3.0 56 | 
1.25 27 | 3.0 60 | 
15 30 3.5 64 | 
1.5 33 3.5 68 | 
1.75 36 | 40 72 | 
2.0 .39 | 4.0 76 | 
2.0 42 45 80 | 
2.5 45 | 45 | 
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SHIELDS TAP DRILL TABLE 
Tap Drill List for V-Standard Thread 








С о N N O N 00 N OO 00 ОО 00 О со 








The dimensions for taps and tap drills, given in the Shields Tap Drill Table, are 
represented by the following letters: 


А, — Size of Tap. B, — Threads per Inch. C, — Size of Tap Drill for Full Thread. 
D, — Size of Tap Drill for 34 Thread, or Shop Practice. Few Suggestions for Drilling 
Tap Holes. From % Tap to % Tap allow 1/128 or .0078. From % Tap up, allow 4. 
For C. I. and for Steel allow Уа. This is to be added on letter C, the Full Thread. 


Copyrighted 1916 by Chas. J. Shields, St. Louis, Mo. 


SHARP "V" THREAD (THEORETICAL) 


"MODIFIED" V THREAD 


` 1 
р = pitch = 
Formula No. threads per inch 


d — depth — p x .86603 
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SIZES OF TAP DRILLS 
For Machine Screw Taps А. S. M. E. Standard 








10-24 
10-28 
10-30 
10-32 
12-24 
12-28 
12-32 
14-20 
14-24 
16-18 
16-20 
16-22 
18-18 
18-20 























WHITWORTH STANDARD BOLTS AND SCREWS 


WHITWORTH THREAD 
FORMULA 


1 
P = Piteh = - ——- 
No. Th'ds. Per In. 
D = Depth = P. x .6103 
В. = Radius = .1373 Р. 





*DRILL SIZES 
Nearest Commer- 
cial Drill Size to 
Produce 75°% 
Depth of Thread 





` Stand. |Etfective Cross 


К i: хана | Sectional 
Depth Diam, [ore Area at (Actual (Nearest) 


ера шы "| Bottom | Inch Co m. 
Thread | diam.) of Th'ds,| Decim. | Desig. 





.03201 .217€ .1856 .0272 .202 1364 in. 
.03557 .2769 241: .0458 .2592 | F 

.04002 .3349 | .294€ (0553 | .3150| О 

.04573 13917 346 .0940 3689 U 

.05336 A466 23932 ‚1216 .4200 | 2% in. 
.05336 .5001 .1557 .1632 .4825 | Зб in. 
.05821 .5667 .5085 .2032 5377 | 994 m. 
.05821 .6202 5: .2562 6002 | ?36 in. 
05403 5559 6216 .3038 6589 | ?! in. 
-05403 7454 .68 .3679 7164 | ?35 in. 
07114 89595 лЗ ‚4216 Ло 1964 in. 
.08004 9199 5399 .5540 5799 Tein, 
.02147 | 1.0335 .042 .6960 9577 | 1 іп. 
09147 |. 1.1585 |1.0671 .8042 | 1.1127 | И in. 


10572 2682 |1.1615| 1.0597 2149 | Прат. 
10572 .3932 11.2865] 1.3001 3399 | Па in. 
.12808 4969 |1.3088| 1.4718 4829 | Прат. 
.12505 45219 |1.4988] 1.7528 5579 | 196 in. 

.14228 : 1.7154] 2.3111 7865 | 12239 in. 








Wee eRe Bee 
лл С.С; NNOD 
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MACHINE AND WOOD SCREW GAUGE 

















Number of Sizeof Number | Number of Size of Number 
Screw Gauge in Decimals | Screw Gauge in Decimals 

000 .03152 25 .38684 
00 \ 104468 26 40000 
0 05784 27 41316 

1 07100 28 42632 

2 08416 29 .43948 

3 ‚09732 30 45264 

4 111048 31 46580 

5 12364 32 47896 

6 13680 33 49212 

7 ‚14996 34 .50528 

8 116312 35 .51844 

9 .17628 36 .53160 
10 .18944 37 .54476 
11 .20260 38 .55792 
12 221576 39 .57108 
13 22892 40 58424 
14 24208 41 .59740 
15 .25524 42 .61056 
16 .26840 ` 43 ‚62372 
17 .28156 44 .63688 
18 .29472 45 .65004 
19 .30788 46 .66320 
20 .32104 47 .67636 
21 .33420 48 .68952 
22 .34736 49 ‚70268 
23 .36052 3 171584 











24 | 37368 | | 








Тће difference between consecutive sizes is .01316 inch. 


FOR SETTING TOOLS TO CUT SQUARE THREADS 
By Edw. Greasse 3945 Blaine Ауе, St. Louis, Mo. 


'Threads Width of Tool for Width of Tool for - Width of Tool for 
Per Inch Single Thread Double Thread Triple Thread 


1 500 22-950 1166 
2 ‚250 ‚125 ‚083 
3 .166 .083 .055 
4 .195 .062 .042 
5 .100 .050 .033 
6 .083 .042 А ‚028 
7 ‚071 ‚035 ‚073 
8 ‚062 ‚031 ‚021 
9 ‚055 27% ` 181$ 

10 .050 25 1624 

11 ‚045 2214 15 

12 .04114 21 14 
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HEXAGON HEAD SCREWS, CASTLE AND PLAIN NUTS 
S. A. E. Standard 


It is assumed that where screws are to be used in soft material, such as castiron, brass, 
bronze or aluminum, the United States standard pitches will be used. 


DIMENSIONS 






SCREW HEAOS Ох 1.5 = ЕМОТН OF THREADED PORTION 
0 = DIAMETER OF SCREW Pea PITCH OF THREAD 
d 9OUMETER OF COTTER PIN Рг ПАТ ТОР 

































































332 | 352 | 35: у 





Dimensions. All dimensions in inches. 

Finish. All heads and nuts to be semi-finish. 

Material. For all serews and nuts — steel. 

Screws are to be left soft. Screw heads are to be left soft. The plain nuts are to be 
soft. The Castle nuts are to be case-hardened. 


HOW TO DRILL GLASS 


'Take an old three-cornered file — one that is worn out will do — break it off and 
sharpen to a point like a drill and place in a carpenter's brace or vise. Have the glass 
fastened on a good solid table so there will be no danger of its breaking. Wet the glass 
at the point where the hole is to be made with the following solution: 


АШИ S da oes dug svp oce i IIR RIP RUE ee bs 61% drachms 
ШІ БЕТ osea ог бен Sortes i end rasta Те тоне аа 3% drachms 
икре baee. co Е acis ydQ нам 1 ounce 


Keep the drill wet with the above solution and bore the hole part way from each side 
of the glass. Another solution is to dissolve a piece of gum camphor the size of a walnut 
in one ounce of turpentine. 


Another method is to use a steel drill hardened, but not drawn. Saturate spirits of 
curpentine with camphor and wet the drill. The drill should be ground with a long point 
and plenty of clearance. Run the drill fast and with a light feed. In this manner glass 
can be drilled with holes, up to 3-inch diameter, nearly as rapidly as cast steel. 
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BRITISH ASSOCIATION STANDARD THREAD 














( p—pitch 
) d= дерћ==рХ .6 
Formula + 2Xp 
r---radius==-——— 
11 

Number Diameter Piteh Number Diameter | pues 
0 6.0 1.00 7 25 | 0.43 
1 5.3 0.90 8 2.2 0.43 
2 47 0.81 9 1.9 0.39 
3 4.1 9.73 10 1.7 0.35 
4 3.64 0.66 12 1.3 | 0.28 
5 | 3.2 0.59 14 10 0.23 
6 | 2.8 | 0.53 16 ‚79 0.19 








STOVE BOLT TAPS 
Cut Thread — Manufacturers Standard 
Thread Limits 


| Threads Major Diameter Pitch Diameter 


TR Ras | ini- 2. 
Mini axi Basic Mi Maxi 
mum mum mum 





.1310 





.1110 
.1470 
.1760 
.2015 
.2275 
.2779 
„3359 
‚3926 
‚4515 























Lead Tolerance 
А maximum lead error of plus or minus .003" in one inch of thread is permitted. 


Multiple Threads 


The following drawing illustrates the relation of “pitch” and 
“lead” of multiple threads. Both these dimensions should always be 
given when ordering. 


Single Thread Double Thread Triple Thread Quadruple Thread 





Relation of Lead and Pitch of Multiple Threads 
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FLAT HEAD MACHINE SCREWS 





117777707700, 
ТІЛІ ыя Є 












































1 | E 
Eo ; L A 
р “А п J T 
Head Height of Width of Depth of 
Basic Diameter Head Slot Slot 
Major' 
Diameter — m 2 — > 
Мах. Min. Max. Min. Max. Min. Max. Min. 
.086 172 .156 .051 .040 .036 .024 .023 .015 
.099 .199 .181 .059 .048 .038 .026 .027 .017 
.112 :225 .207 .067 .055 .040 .028 .030 .020 
125 .252 232 ‚075 .062 .043 .031 | .034 :022 
.138 .279 .257 | .083 .069 .045 .033 |..038 .024 
.164 982 .308 .100 .084 .050 | .037 .045 .029 
| | 
.190 | .385 .359 .116 | .098 .055 .041 .053 .034 
.216 .438 .410 Я32 | 112 .059 | .045 .060 .039 
.250 | .507 417 158 .131 .066 .051 | ‚070 ‚046 
-3125 | .636 .600 «192 ‚166 „Отт | .061 | .088 .058 
315 | .762 | .722 | 230 | .200 | .088 | .072 | 106 | 070 
| 
FORMULAS 
Heap DIAMETER: WiprH oF SLOT: 
Maximum А =2.040 D —0.003 Maximum J 20.182 D 4-0.020 
Minimum А 21.960 D —0.013 Minimum Ј 20.164 D +0.010 
Heicut ОЕ Heap: . ПЕРТН ОЕ SLOT: 
Maximum Н =0.619 D —0.002 Maximum T 20.288 D —0.002 
Minimum Н = 0.552 D —0.0 Minimum T 20.192 D —0.002 


CouwvTERSINK ANGLE: 
Maximum 82 Deg. 
Minimum 80 Deg. 
Machine screws up to and including 2" length are threaded to the head. 


Screws longer than 2" are threaded 2”. й 
*Flat heads cannot be measured on head diameter. Use form gauges. 


_ (S.A.E. Standard) 





















Size of Size of Size of , Size of | ize ої ! Size of 
Tap. Drill, | Tap. | Drill || Tap. Drill, 
No. No. | Хо. | Хо Хо. Мо. 
из | за | uae! u | ne | 1% 

5 15-14 3% | 1%412 1! 
| 1 ~14 IA 1%-12 1? 
| 114-12 | 1%, ЕУ rue etes 








"| 3% | .375 :622 | „590 .246 | .218 IUS з 12 1.164 й 
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FILLISTER HEAD MACHINE SCREWS 















D A H J T F F--H 











Nom- . Head Height Width Depth Height Total Height 
inal Basi Diameter of Head of Slot of Slot of Oval of Head 
Size | Basic 

Major 2 T 

Dia. 


Max. | Min. | Max. Min. | Max. | Min. | Max. | Min Max. | Min. | Max. | Min. 























.086 | .140 | .124 | .055 | .045 | .036 | .024 | .037 | .021 | .028 | .018 | .073 | .063 
.099 | .161 | .145 | .063 | .052 | .038 | .026 | .043 | .026 | .032 | .021 | .084 | .073 
„112 |.183 | .166 | .072 | .060 | .040 | .028 | .048 | .031 | .035 | .024 | .096 | .084 
.125 | .205 | .187 | .081 | .068 | .043 | .031 | .054 | .036 | .039 | .027 | .107 | .095 
.138 | .226 | .208 | .089 | .076 | .045 | .033 | .060 | .011 | .043 | .029 | .118 | .105 
164 | 270: | .250 | .106 | .091 | .050 | .037 | .071 | .050 1.050 | .035 | .141 | 126 
-190 | .313 | .292 | .123 | .107 | .055 | .041 | .083 .060 | .057 .041 | .164 | .148 
.216 | .357 | .334 | .141 | .123 | .059 | .045 | .091 | .070 | .064 | .047 | .187 | 169 
М 1.250 | 414 | .389 | .163 | .143 | .066 | .051 | .109 | .083 | .074 | .054 | .217 | .197 
5% |-3125! .519 .490 | .205 | .181 | .077 .061 | .137 | 106 | .092 | .068 | .272 | .249 
109 | .082 | .327 | .300 

















кок 
із © ооо ы фо to 

















9 




















Heap DIAMETER: FORMULAS  руртн оғ SLOT: 
Maximum A =1.670 D—0.004 Maximum T =0.440 D—0.001 
Minimum А =1.610 D —0.014 Minimum T 20.374 D —0.011 
Heicut ок Heap (біре): Нетснт or Heap: 
Maximum H =0.660 D —0.002 Maximum Е 20.280 D +0.00+ 
Minimum H =0.600 D —0.007 Minimum F =0.220 D —0.001 
WiprH oF SLOT: Torar Нетснт оғ HEAD: 
Maximum J 20.182 D 4-0.020 Maximum Е-Н = Махітит F+ 


Minimum H =0.88 D —0.003 
Minimum F--H-Minimum F+ 

Міпітат Н =0.82 D —0.008 

Machine screws up to and including 2" length are threaded to the head. Screws 
longer than 2" are threaded 2". 


Minimum J =0.164 D 4-0.010 


To produce absolutely. straight and 
true holes, drill used to rough out stock 
should leave hole about 25" to zy” small. 


Use boring bar mounted in tool post 
(as illustrated), апа bore hole until 
about eight to ten thousandths stock 
are left. 





То act ав true guide for reamer, bore hole &t outer end—or 
end reamer enters for }4”—to about three thousandths small. 


31 





32 
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OVAL HEAD MACHINE SCREWS 



























































D ЗА | н 1 T F F--H 
мы ide | „м | Num | Depth | нам | Total нары 

Major 

Sn. Max. | Min. | Max: | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. 
2 | .086 | .172 | .156 | .051 | .040 | .036 | .024 | .045 | .037 | .029 | .022 .080 | .063 
3 |.099 | .199 | .181 | .059 | .048 | .038 | .026 | .052 | .043 | .033 | .026 | .092 | 073 
4 | 112 | .225 | .207 | .067 | .055 | .040 | .028 | .059 | .049 | .037 1.029 | .104 | .084 
5 | .125 | .252 | .232 | .075 | .062 | .043 031 .067 | .055 | .041 | .033 | .116 | .095 | 
6 | .138 | .279 | .257 | .083 | .069 | .045 | .033 | .074 | .060 | .045 | .036 128 .105 
8 |.164 | .332 | .308 | .100 | .084 | .050 | .037 | .088 | .072 | .053 0431.152 .126 
10 | .190 | .385 | .359 | .116 | .098 | .055 | .041 | .103 | .084 | .061 | .050 | .176 | .148 
12 |.216 | .438 | .410 | .132 | .112 | .059 | .045 | .117 | .096 | .069 | .057 | .200 | .169 
м |.250 | .507 | .477 | .153 | .131 | .066 | .051 | .136 | .112 | .029 | .066 | .232 | 197 
516 |.3125| .636 | .600 | .192 1.166 | .077 | .061 | .171 | 141 .098 ! .083 | .290 | .249 

.088 | .072 | .: 





























FORMULAS  рертн оғ Sror: 


Hrap DIAMETER: 


Maximum А 22.01 D—0.003 Maximum T =0.556 D —0.003 

Minimum А =1.96 D —0.013 Minimum T 20.460 D —0.003 
Нкіснт оғ HEAD: HEIGHT OF OVAL: 

Maximum Н =0.619 D —0.002 Maximum F «0.301 D 4-0.003 

Minimum H 20.552 D —0.007 Minimum F 20.268 D —0.001 
WIDTH ов SLOT: COUNTERSINK ANGLE: 

Maximum J =0.182 D +0.020 Maximum 82 Deg. 

Minimum J =0.164 D +0.010 Minimum 80 Deg. 


Тотал, Heicut or Heap: 
Maximum (F+H) = Maximum F+ Maximum H =0.923 D+0.001 
Minimum (F +H) = Minimum F+ Minimum Н =0.820 D — 0.008 








Machine screws up to and including 2” length are threaded to the head. 


Screws longer than 2” are threaded 2”. 
*Oval heads cannot be measured on head diameter. Use form gauges. 


Cut Thread—For Grease Cup Fittings 





1 нише о. Major Diameter 
to Inch 


Inches | Amer. Std. 








Pitch Diameter , 















Minimum] Maximum 














3748 ‚3680 
4899 4810 
‚6270 .6180 
17784 .7670 


9589 9775 
1.2386 ! 1.2245 





Minimum | Maximum 



















| SIZES OF WIRES FOR USE WITH 
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ROUND HEAD MACHINE SCREWS 








АЛА 


(Қ) Љ - (Су 





Head .. 
Diameter 














FORMULA 
Heap DIAMETER: WiprH oF біт: 
Maximum А = 1.887 D. Maximum J =0.182 D +0.020 
Minimum А = 1.813 D —0.010 Minimum J 20.164 D +0.010 
Hercut oF НЕАРр: ПЕРТН oF SLOT: 
Maximum Н =0.636 D 4-0.015 Maximum T =0.362 D 4-0.017 
Minimum Н - 0.624 D +0.005 Minimum T =0.268 D +0.013 


Machine screws up to and including 2" length are tircaded to the head. 
Screws longer than 2” are threaded 2" 


VARIOUS PITCH THREADS. 


4to 6 
7 to 9 
10 to 12 
13 to 16 


18 to 24 


26 to 30 
32 to 40 
42 to 50 
52 to 60 





инн анынын CMM MD О з аны сс З 
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Chart of Wrench and Socket Openings and Sizes 
of Bolts and Nuts they fit 








Amer. Std. | Amer. Std. Light 














American Heevy Nuts (5.А.Е.), 
American | Standard Nuts Jem Nuts, Castle Machine Screw 
Wrench} Standard | Reg. Nuts, (0.5.5.); | Nuts end Slotted Cap Set Nuts end Wrench 
Opening} Reg. Bolts | Size Bolts | Size Bolts Screws Stove Bolt Nuts Opening 

















Nuts, Size Balts | Screws 














%а No. 0 & No. 1 Shy 
Us No. 2 & No. 3 Ae 
% No. 4 4 
He |... No. 5 а Мо. 6 the 
MA, Ne. $ паз 
м No. 10 % 
The |.......... No. 12 & No. 14 Te 
^ SAs У 


Ав 














Front Clearance 


There must be sufficient front clear- 
ance on the cutter bit to permit it to 
cut freely. Usually the front clearance 
is sufficient to prevent the tool from 
dragging in the helix angle of the thread 
So that except for very coarse pitches 
the helix angle may be ignored. 








, 


Side View of Lathe Tool 
Cutter Bit Ground for Cutting Screw 
Threads 
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Double Depth of Threads 







































Double Double Double " Double Double Double 
Threads Depth Depth Depth | Threads Denth Depth Depth 
per US Sharp |Whitworth per U. Sharp  |Whitwort. 
Inch Standard V Standard Inch МЕ 1-1 у Standard 
'Thread 'Thread Thread Thread Thread Thread 
24 0.5774 0.7698 0.5692 30 0.0433 0.0577 
2% 0.5470 0.7293 0.5892 32 0.0406 0.0541 
2% 0.5196, 0.6928 0.5123 34 0.0382 0.0509 
2% 0.4949 0.6598 0.4879 86 0.0861 0.0481 
2% 0.4724 0.6298 0.4657 38 0.0342 0.0456 
2% 0.4518 0.6025 0.4454 40 0.0325 0.0433 
8 0.4330 0.5774 0.4269 42 0.0309 0.0412 
314 0.3997 0.5329 0.3940 44 0.0295 0.0394 
3% 0.3712 0.4949 0.3659 46 0.0282 0.0377 
4 0.3248 0.4330 0.3202 48 0.0271 0.0361 
4% 0.2887 0.3849 0.2846 50 0.0260 0.0346 
5 0.2598 0.3464 0.2561 52 0.0250 0.0333 
5% 0.2362 0.3149 0.2328 54 0.0241 0.0321 
6 0.2165 0.2887 0.2134 56 0.0232 0.0309 
7 0.1856 0.2474 0.1830 58 0.0224 0.0299 
8 0.1624 0.2165 0.1601 60 0.0217 0.0289 
9 0.1443 0.1925 0.1423 62 0.0209 0.0279 
10 0.1299 0.1732 0.1281 64 0.0203 0.0271 
1 0.1181 0.1575 0.1164 66 0.0197 0.0263 
12 0.1083 0.1443 0.1067 68 0.0191 0.0255 
13 0.0999 0.1332 0.0985 70 0.0185 0.0248 
14 0.0928 0.1237 0.0915 72 0-.0180 0.0241 
15 0.0866 0.1155 0.0854 74 0.0175 0.0234 
16 0.0812 0.1083 0.0800 76 0.0171 0.0228 
18 0.0722 0.0962 0.0711 78 0.0167 0.0222 
20 0.0650 0.0866 0:0640 80 0.0162 0.0217 
22 0.0590 0.0787 0.0582 82 0.0158 0.0211 
24 0.0541 0.0722 0.0534 84 0.0155 0.0206 
26 0.0500 0.0666 0.0493 86 0.0151 0.0201 
27 0.0481 0.0642 0.0474 88 0.0148 0.0196 
28 0.0464 0.0619 0.0457 90 0.0144 0.0192 




















Double Depth for U. S. Standard Thread................ 129 
Double Depth for Sharp V Тћгеза..................... == 1132 
Double Depth for Whitworth Standard Тһгеай.......... = Ll 








Space at |Thickness| ACME STANDARD.—29? THREAD 
at Root of 
Thread. 


~ 
О Ф оэ -3€ сп + сә toe н 


FORMULA 
Pe Ноћ = No Th'ds. Per In. 
D = Depth = % P. + .010 In. 


F = Flat = .3707 P. 
С = Flat = .3707 P. — .0052 In. 
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Milled Steel Stud Dimensions 


American Standard Coarse Thread 


(FORMERLY U.S.S.) 
Length 





Diameter 





Threads 
per Inch 
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Drilling а Cored Hole 


Castings having cored holes are 
usually drilled with a four lip drill. 
The hole in the casting should be 
beveled, as shown in Fig. 1 to 4 CIR mm 
start the drill true; otherwise, the шщ 
drill will follow the cored hole and 
may be thrown off center. For accu- 
rate drilling it is advisable to coun- 
terbore the hole a short depth to give 
the drill point a perfectly concentric Fig. 1 Machining a Bevel in 
starting point. Cored Hole to Start Drill True 
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MACHINE SCREWS — ТАР DRILL 





2x64] 


3x48 
3x56 
6x32 
6x36 
6x40) 


3x40 
| 


5x30 
5x32 
5x36 
5x40 


6x30 
6x32 х 13х20 
6x36 y 13x22 


6x40 13x24] 


7x28 : 14x20 
7x30 1 3: 14х22 
7x32 3: 14х24 


15x18 
8x24 
8x30 
8x32 





Tapping Threads 


Threads may be tapped in 
the lathe, usinz а tap as 
shown in Fig. 1. The lathe 
spindle should be operated at 
slow speed and the tap fed to 
the work by turning the tail- 
stock handwheel, or Бу slid- 
ing the entire tailstock on the 
lathe bed. Taps may also be 
held in а drill chuck. 





Tl о м 


si 


16x18 
16x20 


17x16 
17x18 
17x20 


18x16 
18x18 
18x20 


19x16 
19x18 
19x20 





20x16 
20x18 
20x20 


22x16 
22x18 


| 
24х14 
24х16 
24х18 
26х14 
26x16) 


28x14 
28x16 


30x14 
30x16 
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Drill for| Size of 
Outside | Drill for 
Diam. |Tapping 


1 № ог > 02 NON 


QW 


ач ой чоло =ш "umo 








38 





UNIVERSAL MACHINISTS HANDBOOK 


THREAD CUTTING AND FINISHING 


Resetting Tool After Cut 
Has Been Started 


If for any reason it is necessary 
to remove the thread cutting ‘tool be- 
fore the thread has been completed, 
the tool must be carefully readjusted 
so that it will follow the original 
groove when it is replaced in the 
lathe. 











Before adjusting the tool, take 
up all the lost motion by pulling the 


belt forward by hand. Я ipe 4 Й 
Fig. 38. Adjusting Point of Threading 
The compound rest top should be Tool to Conform with Thread 
set at an angle, and by adjusting the 
cross feed screw and compound rest 
feed screw simultaneously the point 
of the tool can be made to enter 
exactly into the original groove. 


Finishing the End of a Thread 


The end of the thread may be fin- 
ished by any one of several methods. 
The 45? chamfer on the end of the 
thread, as shown in Fig. 39 | із com- Бі, 39. Finish End of Thread with 
monly used for bolts, cap screws, etc. 45? Сћатјег 
For machine parts and special screws 
the end is often finished by rounding 
with a forming tool, as shown in 
Fig. 40, 


It is difficult to stop the thread- 
ing tool abruptly so some provision 
is usually made for clearance at the 
end of the cut. In Fig. 39 а hole 
has been drilled in the end of the 
shaft, and in Fig. 40 а neck or А 47.5 қ 
groove has been cut around the shaft. Fig- 40. он Thresd. with 
The groove is preferable as the lathe 
must be run very slowly in order to 
obtain satisfactory results with the Cutting Multiple Screw Threads 
drilled hole. 








A multiple thread having two LEAD 
grooves is known as a double 

thread, three threads a triple | mel 
thread, etc. (See Fig. 41 ) The 
pitch and lead of a multiple thread 
should not be confused. The pitch 
is the distance from a point on 
one thread to the corresponding 
point on the next thread, while 
the lead is the distance a screw 
thread advances in one turn. 





When cutting multiple threads: 
in the lathe the first thread is cut | pig 41. A Multiple Screw Thread Having 
to ‘the desired depth. The work Two Grooves (Double Thread) 
is then revolved part of a turn, , . 
and the second thread cut, etc. 5 
Іп order to obtain an exact spacing it is advisable to mill as many 
equally spaced slots in the face plate for the lathe dog as there are 
multiple threads to be cut. For a double thread, two slots; a triple 
thread, three slots, etc. If it is not convenient to cut slots in the face 
plate, equally spaced studs may be attached to the face plate and a 
straight tail lathe dog used. 
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Cutting a Left Hand Screw Thread 


A left hand screw is one that 
turns counter-clockwise when ad- 
vancing (looking at head ot screw) 
as shown in Fig. 43. This is Fig. 42. А Left Hand Screw Thread 
just the opposite of a right hand screw. Left hand 
threads are used for the cross feed screws of lathes, ЖЫ 
the left hand end of axles for automobiles and 


wagons, one end of a turnbuckle, some pipe threads, E 2-72 


etc. 
In cutting left hand screw threads the lathe is set У, 


up exactly the same as for cutting right hand screw Fig. 43. А Left 
threads, except that the lathe must be arranged to Hand Screw , Ad- 
feed the tool from left to right, instead of from right TU nds 
to left, when the spindle is revolving forward. SIME Panters 


clockwise 
Square Screw Threads 





| а 

- . 
Square threads are used for ГР үзү 
vice screws, jack screws, etc. The 

sides of the tool for cutting square geil 
threads should be ground at an | р в 
angle to conform with the helix қ 

angle of the thread, as shown in | 
Fig. 44 


To determine the helix angle 
of а screw thread, draw line lis. 44. А 29° Worm Thread Form 
A-C2 equal to the circumference ot the thread to be cut. Draw line 
C2-C equal to the lead of the thread and at right angles to line A-C2. 
Complete the triangle by drawing line A-C. Angle B in the triangle is 
the helix angle of the thread. The sides of the tool E and F should 
be given a little clear- 
ance. 





The width of the cut- 
ting edge of the tool 
for cutting square screw 
threads is exactly one- 
half the pitch, but the 
width of the tool for 
threading the nut should 
be from one thousandth 
to three thousandths of 
an inch larger, to permit 
a free fit on the screw. Fig. 44. Tool for Cutting Square Threads 





FORMULA 
1 
Р > зо үсе. ЗЕР — 
[= ELLE то 
4 + Рег In. 
D =: Depth — P. x .500 


N 5 Г = Space С P. x .500 


WW SS 


Fig. 45. Design and Proportions of Square Screw Threads 





А 29? Worm Thread should not be confused with the Acme Stand- 
ard Thread because it differs in the depth of the thread, the width of 


the top of the tooth and the width of the bottom of the tooth, as 
shown above. Fig. 44 “А” A 
29? Worm Thread P= Piteh = i F= Flat —.31 Р. 





(Brown & Sharpe) No. Th'ds. l'er In. 


FORMULA D= Depth —.6866 Г. РИСАН, 
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Measuring. Screw Threads 


To check the number of threads 
per inch, расе a scale against the 
work, as shown in Fig.1 50 
that the end of the scale rests on 
the point of the thread or on one 
of the scribed lines. Count the 
spaces between the end of the 
Scale and the first inch mark, and 
this will give you the number of 
threads per inch. Fig. 1 shows 
eight threads per inch. 


Taking the First Cut 


After setting up the lathe, as 
explained on the preceding pages, 
take а very light trial cut just 
deep enough to scribe а line on 
the surface of the work, as shown 
in Fig.2 The purpose of this 
trial cut is to make sure the lathe 
is arranged for cutting the desired 
pitch of thread. 




















Fig. 2 Trial Cut to Check the Set-up for 
Thread Cutting 





Pitch Diameter and Root Diameter of Screw Threads 


To find the pitch diameter or root diameter of any screw thread, subtract the constant for the number of «пгеада 
per inch from the outside diameter. 


Constants for Finding Constants for Finding 
Pitch Diameter Root Diameter 


National Whitworth Theoretical National Whitworth 
Thread Thread / Тһгеаа Thread 


-00902 .00889 01203 01804 01786 
01015 .01000 01353 02030 .02001 
.01083 .01067 .01443 .02165 .02134 
.01160 .01144 .01546 .02320 .02286 
.01299 :01281 .01732 .02598 .02562 
.01353 .01334 .01804 .02706 .02668 
.01476 .01455 .01968 .02952 .02910 
.01624 .01601 .02165 .03248 .03202 
.01804 .01779 .02406 .03608 .03558 
.02030 .02001 02706 04059 04002 
.02165 .02134 .02887 .04330 .04268 
.02320 .02287 -03093 04639 04574 
.02406 .02372 -03207 .04812 .04742 
.02498 .02463 .03331 .04996 .04926 
.02706 .02668 .03608 .05413 -05336 
.02952 .02911 .03936 .05905 .05821 
.03248 .03202 .04330 .06495 .06403 
.03608 .03557 .04811 .07217 .07114 
.04059 .04002 .05413 .08119 .08004 
.04639 .04574 .06186 .09279 .09147 
.04996 .04926 .06662 .09993 .09851 
.05413 .05336 .07217 .10825 .10672 
.05648 .05568 .07531 .11296 .11132 
.05905 -05821 07873 ‚11809 ‚11642 
.06495 -06403 .08660 .12990 .12806 
.07217 07115 09623 14434 114230 
08119 08004 .10825 .16238 .16008 
.09279 .09148 | 12372 18558 18295 
10825 .10672 .14434 21651 .21344 
11809 11642 15746 23619 -23284 
.12990 .12807 17321 Р .25981 -25613 
14434 14230 .19245 .28868 .28458 
:16238 .16008 .21651 .32476 -32017 
.18558 .18295 .24744 .37115 -36590 
.19985 .19702 .26647 .39970 .39404 
.21651 .21344 .28868 .43301 .42689 














сө о» оз я к ол Сл Су ~а 009 
XX X X 
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5799 
<тир eran 
GEAR 


REVERSE 
LEVER 





REVERSE 
LEVER 


CEAR 


SCREW 
GLAR 





Fig. 1 Simple gearing Fig. 2 Compound gearing 


How to Calculate Change Gears for Thread Cutting 

If it is necessary to cut a special thread that does not appear on the 
index chart of a lathe or if no index chart is available, the gears required 
can easily be calculated. Tf simple gearing is to be used, as shown; that 
is, the stud gear revolves the same number of revolutions as the head- 
stock spindle, and when gears of the same size are used on both the lead 
screw and stud, the lead screw and spindle revolve the same number of 
revolutions, so it is not necessary to consider the gearing between the 
headstock spindle and the stud gear when calculating change gears. 


If simple gearing is to be used, as shown іп Fig. 1 the ratio of the 
number of teeth in the change gears used will be the same as the ratio 
between the thread to be cut and the thread on the lead screw. For ex- 
ample, if 10 threads per inch are to be cut on a lathe having a lead screw 
with 6 threads per inch, the ratio of the change gears would be 6 to 10. 
These numbers may be multiplied by any common multiplier to obtain the 
number of teeth in the change gears that should be used. 


Rule—To calculate change gears, multiply the number of threads per 
inch to be cut and the number of threads per inch in the lead screw by 
the same number. 


Example: Problem— To cut 10 threads per inch on lathe having lead 
screw with 6 threads per inch. 
Solution— 6 x 8 — 48 — No. of teeth in gear on stud. 
10 x 8 — 80 — No. of teeth in gear on lead screw. 


If these gears are not to be found in the change gear set, any other 
number may be used as a common multiplier, such as 3, 5, 7, etc. 


When compound gearing, as shown in Fig. 2 15 used, the ratio of 
the compound idler gears must also be taken into consideration, but other- 
wise the calculations are the same as for simple gearing. Usually, the 
compound idler gear ratio is 2 to 1, so that the threads cut are just twice 
the number per inch as when simple gearing is used. 


Types of Pulleys—Two types of pulleys are used for flat belts, the 
crowned face pulley and the flat face pulley. Crowned pulleys should 
always be used if possible, as it is the crown that keeps the belt on the 
pulley. Flat face pulleys should be used only when it is necessary to 
shift the belt from one position on the pulley to another, as in a drum 
pulley or а wide faced pulley on а machine used to match a tight and 
loose pulley on a countershaft. 


41 
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CHANGE GEARS FOR THREAD MILLING 


Single Thread 
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CAUTION — See That Table Trip Lever is Locked. | 





Kearney & Trecker Corporation, Milwaukee, Wis, 
Change Gears for Thread Milling— 
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CHANGE GEARS FOR THREAD MILLING 


Triple Thread 
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— Sizes of Tap Drills, American National 
Coarse- Thread Series 


Stock drills corresponding to 100 percent to 50 


































Minor diameter of nut percent of basic {hread depth 
Sizeof ‘Threads E 
thread per inch Г Бегей} 
Basic Maximum |М тип Nominal'size Diameter er depth of 
asic rea 
БЕ ЖЕК | ‚ 0995 79 
5 40 | .0925| .1062 | .0979 (1838, --------- dor B 
вт зоре (1040 65 
‚ 1065 78 
6 32 | .0974| .1145 | .1042 (1094 70 
(1130 62 
. 1339 | 74 
8 32 | .1234| .1384 | .1302 : 1360 69 
З 1378 65 
10 24 | .1359 | .1559 | .1449 ( E 16 
‚1719 82 
12 24 | .1619| .1801 | .1709 ic г 
11800 67 
..... . 1960 83 
% 20 | .1850 | .2060 | .1959 /Я8 007777 11990 79 
1%, in- | | 2031 72 
кә] 18 | зов | . 2690 | „2524 (ба И 
қ 16 |..2938 | (3184 | . 3073 [у уре E А 
Ke 14 | .3447 | .3721 | .3602 | 0....:...... . 8680 75 
и 13 | «4001 | .4290 | .4167 | 2% in........ | . 4219 78 
“ 12 | .4542 | .4850 | . 4723 | 3%, in . | . 4844 72 
Inch Inch | Inch Inch 
. 531 
% 11 | .5069 | .5397 | .5266 dE: 72 
м 10 | .6201| .6553 | .6417. . 6496 77 
% 9 | .7307| .7689 | . 7547 2% та 
| 
1 8 | .8376 | .8795 |. 8647 Ea E 
1% т | .9894 | .9858 | .9704 : 9844 ДУ 
| 28 mm......- 1. 1024 80 
19 т |1.0644 | 1. 1108 | 1. 0954 ae Саки 1. 1094 76 
| 
| [30.: 1. 2008 0 
1% в | 1.1585 | 1.2126 | 1. 1946 (902 mm----- |] 2031 80 
1% 6 | 1.2835 | 1.3376 |1. 3196 | 124, in....... 1. 3281 79 
| 
39 mm....... |1. 5354 83 
1% Б | 1. 4902 | 1.5551 | 1. 5335 (1356 in......- 1. 5469 78 
39.5 mm..... |1. 5551 75 
Fries ОВ 1. 7656 81 
2 4M| 1.7113 | 1.7835 |1. 7594 (45 mm....... 1. 7716 79 
1245 in... 1. 7812 76. 
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—Sizes of Tap Drills, American National 
Fine-Thread Series 







Stock drills corresponding to 100 percent to 50 
percent of basic thread depth 






Minor diameter of nut 





Threads 
per inch 


Size of 
thread 












Maximum | Minimum 















































12__ 28 | . 1696 | .1835 | .1773 
оный 61 

и 28 | . 2036 | .2173 | .2113 | 43..........- 2130 80 
Ke- | 24 | .2581| .2739 | .2674 mca PC 7 H 
4- 24 | .3209 | . 3364 | .3299 | Q------------ 3320 79 

Inch Inch Inch Inch 

Жа. 20 | 0. 3725 | 0. 3906 | 0. 3834 Ha ее 0560 m 
мо. 20 . 4350 | .4531 | .4459 | 2%, іп. ...--- 4531 72 
Ме 18 | .4903 | (5100 | . 5024 | 0.5062....... 5062 78 
LU 18 . 5528 . 5725 . 5649 | 14.5 mm... 5709 75 
X. 16 6688 | .6903 | . 6823 Lig pem zm фт n 
ң.| 14 | .7822] 18062 | -7977 обете Hu 
1.. 14 . 9072 . 9312 .9227 | 23.5 mm. .... .9252 81 
14. 12 | 1. 0167 | 1.0438 | 1. 0348 | 26.5 mm... 0433 75 
14 12 | 1. 1417 | 1. 1688 | 1. 1598 | 29.5 mm... 1614 82 
1% 12 | 1.2667 | 1. 2938 [1.2848 (Ма 777777 A z 
1%. 12 | 1.3917 | 1.4188 | 1. 4098 | 36 mm...... 1173 76 


Тар drill size for 75% full thread for ANY American 


National Thread equals major diameter minus pitch 


іп inches. 
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Table of Speeds and Feeds — For High Speed Drills 


































































































































































Mild Tool Cast Brass an 
Diameter cd Steel | Steel | Iron Bronze Р iu. 
Del Revolution Cutting Speed, Feet рег Minute 7 Е 
120 Feet | 60 Fect | 140 Fect 300 Feet 60 Feet 
REVOLUTIONS PER MINUTE 
.003 7331 | 3666 5 ] 
% ў | 8566 18336 3666 
% ‚0035 5500 | 2750 6417 13750 2750 
2% .004 | 3666 1834 4278 9168 1834 
% ‚0045 3055 1528 3565 7640 1528 
% ‚005 2444 1222 2852 6112 1222 
7% ‚0055 2139 1069 2496 5348 1069 
M .006 1834 916 2140 4584 916 
% ‚0065 1650 825 1926 4125 825 
ie .007 1466 734 1712 3666 734 
2 ‚0075 1344 673 1569 3361 673 
E. .008 1222 612 1426 3056 612 
72 ‚0085 1135 568 1324 2838 568 
Un .009 1048 | 524 1222 2620 524 
1% ‚0095 982 491 1146 2456 491 
pA .010 916 458 1070 2292 458 
% ‚0105 825 412 963 2063 412 
5% ‚011 734 366 856 1834 366 
1% | 0115 673 336 785 1681 336 
% 012 612 306 714 1528 306 
346 „0125 568 284 663 1419 284 
78 .013 524 262 612 1310 262 
1546 .0135 491 246 573 1228 246 
1 .014 458 230 534 1146 230 
1% .015 408 204 476 1018 204 
14 ‚016 366 184 428 916 
1% ‚016 334 166 388 834 
1% .016 306 152 356 764 
1% ‚016 282 140 330 706 
134 .016 262 130 306 654 
122 286 612 
114 268 





Grind off 
Tip of жн 
Drill, ‹ 
Shown hy See 
= dotted line 
i Fig. 
Fig. 1 g.2 
Center Drilling 
When greater accuracy is required it is best to pro- Ton VIER 


vide a true starting point for the drill. To do this the 

work should first be center drilled using a combination = 

center drill and countersink, as shown in Fig. 1. The tW» ve Ї 
point of the center drill may be ground off as shown 

in Fig. 2 to prevent breaking. Fig. 3 


Flat Centering Drill 


A flat centering tool or drill of forged steel held 
rigidly in the tool post of the lathe, as shown in Figs. 3 
and 4 is often used for production drilling. This type of 
centering drill provides an accurate starting point for 
the drill, and since the centering drill is mounted in 
the tool post, it may be moyed back out of the way for 


the drill which is to follow. This saves time as it elim- 2 02-227. зу 


inates the necessity of changing drills in the tailstock 


spindle 
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Table of Speeds and Feeds 
For Carbon Steel Drills 























































Brass and Drop 
Diameter Feed Steel Steel Ітоп Bronze | | Forging 
Drill Жыйып Cutting Specd, Feet per Minute й 
60 Feet 30 Feet 70 Feet 150 Feet | 30 Feet 
Ж REVOLUTIONS PER MINUTE 
РА 003 3067 1833 4278 9168 1833 
% ‚0035 2150 1375 3208 6875 1375 
% . 004 1833 917 2139 4584 917 
56 0045 1527 764 1782 3820 764 
5% ‚005 1222 611 1426 3056 611 
le ‚0055 1069 534 1248 2674 534 
M .006 917 458 1070 2292 458 
% . 0065 825 412 963 2062 412 
546 ‚097 133 367 856 1833 367 
пе .0075 672 336 784 1680 336 
% 008 611 306 713 1528 300 
1% ‚0085 567 284 662 1419 284 
746 .009 $24 262 611 1310 262 
15% ‚0095 491 245 573 1228 245 
1$ .010 158 229 535 1146 229 
% .0105 412 206 481 1041 200 
58 ‚011 367 183 428 917 183 
Wig ‚0115 336 · 168 392 840 los 
БА ‚012 306 153 357 704 153 
1346 .0125 284 142 331 709 113 
т. ‚013 262 131 300 OSS 131 
15% 0135 245 123 286 014 123 
1 O14 229 | 115 207 aad 115 
1% .015 204 | 102 238 509 102 
114 010 184 92 214 458 o2 
1% ‚016 167 83 194 417 83 
1% 016 153 76 178 382 "lo 
1% 016 141 70 165 383 70 
1% ‚016 131 65 153 327 65 
1 ‚016 143 306 ol 
2 .016 134 287 5 

















Shoulder and Radius Forming 


The corners in turned work are at various times finished square, 
necked, either square or round, or with a small radius. Also with 
square or radius tool at an angle of 45° to allow clearance for 
grinding both diameter and face. 


The square corner is the simplest буре and is used where the 
piece is not subject to excess stress at the corner section. The 
necked corner is used as above. also where grinding allowance is left 
і қ in turning. The under- 
cut neck prevents 
undue wear on the 
corner of the grinding 
wheel. 
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Counterbore Sizes for Cap Screws 
and Machine Screws 









Fillister |Fillister Fillister 
Head Cap | Head Cap Head 
Screw |Screw Machine 


Screw 


Head and 
Body 














Head and | Head and 
Body Tap Hole 




















Pilot for Tap Hole 
Cutter for Body 
Pilot for Tap Hole 
Cutter for Head 





Cutter for Head 
Cutter for Head 





Cutter for Head 





Pilot for Body 


Pilot for Body 
Pilot for Body 








O™mNO | Tap Drills 















































1-8 | 1.312 1.000]1.312 |. 


Sizes of Wrenches to Use for Counterbores and Spot Расех5 


Range of Sizes of Size of Wrench for Hollow 
Counterbores Hexagon Set Screw 
Inches Inches 
BA io. АШ wy ca vere oh eh ТҮ ЛҮҮ СҮТ Li Hex. 
96lo б: te io eee ан ти Рита. 3 54 Hex. 
Doto де о. аа кы қама ig hii 36 Hex. 
COT NN TA RUP % Hex. 
ШО ves mi Em MM UR WT 56 Hex. 
2. Udo dr ки та ти pudica шат тұрі 346 Hex. 


The measurements used for the wrench are across the flat. 
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SHIELDS DECIMAL EQUIVALENTS 


of Twist Drills. Drill Rods, Stub Steel 


ills 


izes of Dr 


and Letter S 
FOUR TABLES IN ONE 


[his Table is to Show the Difference Bétween the Sizes of Twist Drills, and Drill Rods; 


Wire Gauges, 





to Save Time and Mistakes 
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Copyright 1925 by Chas. J. Shields, St. Louis, Мо. 
Use Turpentine instead of oil, when drilling hard steel, saw plate, etc. It will drill 


readily, when you could not touch it with oil. 


‘Try it. 
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TWIST DRILLS, GRINDING AND GAUGES 


GAUGES FOR GRINDING DRILLS 
Sryte Мо. 2 


Grinding of Twist Drills 








nes 


ЭтуьеЕ Мо. 1 








DIPPING HIGH SPEED 
DRILLS IN WATER 
IS BAD PRACTICE 





ANGLE OF POINTS 











Point 
Steel Rails 795-1395 Manganese 150? included angle ; 3 
на bere materials ка б Fig. 4 P lip clearance р Fig и actos Used On. 
eat Treated Steels—Drop Forg- Slightlv flat face o "ed Е 
ings | оне Connecting cutting lips. re aj" erage Class.of Work. 
ods Fig. 5 125° included ж i 
Brinell Hardness No. 250 BO (oe lip elesranes Fig. 4 Steel Rails 7% to 13% 
p: эрмен Мапрапезе апа Нага 
Cast Iron—Soft Fig. 6 | А р angle Material. 
\ р clearance Қ zi 
62 Fig. 5 Heat Treated Steels, 
"e 118° included angle Drop Forgings (Auto- 
Brass Fig. 7 | 12° lip clearance mobile Connecting 
\Slightly flat face of Rods) Brinell Hard- 
cutting lips. ness 250. 
Wood Fig. 8 60° included angle Fig. 6 Cast Iron—Soft. 
Hard Rubber) | 12? lip clearance Fig. і press, Жаза, R 
ar ubber ^ Я о о; ig. ood, ar ubber, 
Bakelite} а" M Bakelite and Fiber 
Fiber a: vu. (No. 6 may also be 
Fig. 9 100° included angle used). 
Copper | 12° lip clearance Fig. 9 Copper. 
Fig. 10 [118? included angle Fig. 10 Crankshafts. 
Crankshafts \Chisel Point. 


In up-to-date drilling practice drilling different grades of materials requires at times a modification of the 
commercial 118° drill point for maximum results. 


Hard materials require a blunter point with the more acute angle for softer materials. 


We have conducted exhaustive experiments with different angles of points in various grades of materials 
and are giving this information herewith in hopes that it will be of value to the consumers of drills. Also 
a list of speeds and feeds for drills used in various materials which were established on a production basis 
and which will be of value as a standard reference from which to deviate according to conditions. There 
are many variable factors involved in drilling operations, such as different materials, degrees of hardness, 
depth of holes, lack of uniformity of materials, lubrication, etc., which make it difficult to establish a list 
on speeds and feeds that will conform satisfactorily to all conditions. 
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Fissu Dimensions с? Јасова ТАРВЕЗ vor Ruremence Use Oxiv 
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THE JACOBS MFG. CO. 

Taper Turning with Compound Rest 
The compound rest of the lathe 

is usually used for turning and bor- 
ing short tapers and bevels, espe- 
cially for bevel gear blanks and for 
die and pattern work, etc. The com- 
pound rest swivel is set at the 
required angle and the taper is ma- 
chined by turning 

the compound rest 

feed screw by hand. 


Machining a Conical Punch 
and Die with Compound Rest 
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MACHINING ALLEGHENY STAINLESS STEELS 


The machining characteristics of Stainless Steels depend on com- 





position, structural condition and ‘hardness. High alloy content in 
stainless steel produces high tensile strength and great toughness. 
Stainless cannot be machined as rapidly as carbon steel or the lower 
alloy steels, it requires a suitable technique for each type of opera- 
tion and for each different grade. The following outline is a guide 
for the development of such technique: 


Chromium Nickel Alloys contain 16% to 26% chromium and 17% 
to 21% nickel, depending on the analysis type. These tend to work- 
harden very rapidly. For machining: maintain a continuous cut, at 
a relatively low speed, with a heavy cut and feed. (Type 303 is the 
only free-machining analysis in this group, it rates about 60% of 
screw stock machinability. 


Straight Chromium Alloys contain 10% to 30% chromium. Type 416 
and 430-F are the free-machining types in this grade, rate about 80% 
ef screw stock machinability. 


Cutting Tools: Use high speed steel or cemented carbide, depending 
on application. Straight carbon steel tools are not satisfactory. Keep 
cutting edges keen at all times. Honing of top surface is recommended. 
In grinding high speed tools for cutting and turning, make the side 
and end clearance approximetely 8°, top rake of about 20°, and 
side rake about 4°. " 


Speeds and Feeds for Lathe, Shaper, Planer, Milling and Screw 
Machine: Because of work-hardening, especially the chromium 
nickel types, it is important to maintain a constant feed and not al- 
low the tool to ride on the work. Take the heaviest practical cut, 
with the heaviest possible feed, with a corresponding reduction in 
surface speeds. The work and tools must be held rigid. 


Lubricants: Where possible, lubricate all machining operations. Use 
any good grade of sulfur base oil or a good grade of lard oil with 
sulfur added (one pound per gallon makes a good lubricant). Water 
soluble cutting oils with sulfur added are sometimes satisfactory but 
use a heavier cutting compound than for ordinary alloys. 


Threading and Tapping: Use high speed steel chasers and taps and 
have as many flutes as possible to provide the maximum number of 
cutting edges. The tools should be ground so that only 3 or 4 full 
threads are being cut at one time. Flood the tools with lubricant at 
all times. 


Drilling: Don't work-harden the point of entry with heavy center punch 
blows. Lubricate plentifully—particularly on heavy work. Use high 
speed drills with keen cutting edges and good back clearance. Use 
drills with a heavy webb and a quick spiral ground slightly flatter 
than for ordinary work. Always keep drill cutting, because riding 
will work-harden the hole. Drilling Through-Holes: Back up the 
meta! firmly with plates. 


Sawing: Use high speed hack-saw blades with fine wavy teeth. Fol- 
low manufacturers’ data. Don't let saw vide on work. Use same 
type coolant recommended above. 


Important: Final machined finish directly effects corrosion resistance. 
A smooth polished surface resists corrosion much better than when 
rough or pitted. For chromium nickel alloys subject to severe. cor- 
rosion, relieve the machining stresses by subsequent heat treatment. 
Clean the piece prior to heat treatment. 


Castings: Straight chromium and chromium nickel alloys are machin- 
able under the same conditions as apply to these alloys in wrought 
form. In machining castings, use heavy tools to offset the effects of 
vibration and dragging. 
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SUGGESTED SURFACE FEET PER MINUTE 


Еог Turning and Threading Different Materials 


NOTE: When steels are heat-treated, use lower figures in table 


AISI. 
NUMBER TURNING THREADING 
sulphurized Carson Steels 
в 1112 140-190 30-60 
с 1113 180-250 40-80 
C 1120 s 110-150 25-50 
Non Sulphurized Carbon Steels 
C 1010 70-100 15-30 
C 1015 70-100 15-30 
C 1020 100-130 20-40 
C 1030 100-130 20-40 
C 1040 85-115 15-35 
C 1050 75-105 15-35 
Manganese Steels 
A 1320 75-105 15-35 
A 1330 75-105 15-35 
A 1335 75-105 15-35 
A 1340 70-100 15-30 
Nickel Steels 
A 2317 85-115 20-35 
A 2330 70-100 15-30 
A 2340 70-100 15-30 
А 2515 55- 75 10-20 
Nickel Chromium Steels 
A 3045 85-115 20-35 
A 3120 85-115 20-35 
A 3130 75-105 15-35 
A 3140 70-100 15-30 
A 3240 70-100 15-30 
€ 3310 | 65- 85 15-25 
Molybdenum Steels 
A 4023 105-145 25-45 
A 4032 100-130 20-40 
А 4042 95-125 20-40 
А 4047 85-115 20-35 
Chromium Molybdenum Steels 
A 4119 100-130 20-40 
A 4130 100-130 20-40 
А 4137 95-125 20-40 
А 4145 85-115 20-35 
А 4150 75-105 15-35 


Nickel Chromium Molybdenum Steel 


A 4320 75-105 15-35 

A 4340 70-100 15-30 
Nickel Molybdenum Steel 

A 4615 95-125 20-40 

A 4640 75-105 15-35 

A 4815 70-100 15-30 








AIS.. 
NUMBER TURNINC THREADING 
Chromium Steels 
A 5045 95-125 20-40 
A 5120 100-130 20-40 
A 5140 95-125 20-40 
A 5150 80-115 20-35 
Chromium High Carbon Steel 
E 52100 40-60 10-20 
Chromium Vanadium Steels 
A 6120 75-105 15-35 
A 6145 75-105 15-35 
A 6152 70-100 15-30 
NE 
NUMBER TURNING THREADING 
Manganese Molybdenum Steels 
NE 8024 85-115 20-35 
NE 8124 75-105 15-35 
NE 8233 85-115 20-35 
NE 8339 85-115 20-35 
NE 8442 65- 85 15-25 
Nickel Chromium 
Molybdenum Steel 
NE 8620 85-115 20-35 
NE 8720 100-130 20-40 
NE 8949 70-100 15-30 
Manganese Silicon 
NE 9260 70-100 15-30 
Manganese Silicon 
Nickel Chromium 
Molybdenum Steel 
NE 9420 85-115 20-35 
NE 9440 70-100 15-30 
NE 9537 70-100 15-30 
NE 9550 65- 85 15-25 
Manganese Silicon 
Chromium Steel 
NE 9630 70-100 15-30 
NE 9650 `65- 85 15-25 
A = Basic Open Hearth Alloy Steels 
B = Acid Bessemer Carbon Steels 


C = Basic Open Hearth Carbon Steels 
E = Electric Furnace of both carbon & alloy 
NE = National Emergency Steels 





Stainless Steels 
TURNING THREADING 


Type 416 (14 Chrome). Ғ.М. 95-125 15-35 
Type 430 (14 Chrome) F.M. 95-125 15-35 
Type 303 (18-8) F.M. 55-75 10-20 
Other Materials 
Monel 65-85 15-25 
Nickel Silver 65-85 15-25 
Nickel Silver Leaded 110-150 25-50 
Tool Steels 25-50 5-10 
Steel Tubing 95-125 20-40 
Cast Iron 100-130 20-40 


| 





TURNING THREADING 


Malleable Iron 105-145 20-45 
Brass Rod Any Speed Any Speed 
Cast Brass Any Speed Any Speed 
Naval Brass 55-75 10-20 
Bronze lead Bearing 300-400 30-60 
Bronze Manganese 55-75 10-20 
Copper 95-125 20-40 
Aluminum 100 up 20 up 
Magnesium Alloy 100 up 20 up 
Fibre Any speed Any speed 
Rubber Any speed Any speed 
Plastic Any speed Any speed 
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Grinding in the Lathe 


When equipped with a good 
electric grinding attachment the 
lathe can be used for sharpening 
reamers and milling cutters, grind- 
ing hardened bushings and shafts 
and many other grinding opera- 
tions. 


The V-ways of the lathe bed 
Should be covered with a heavy 
cloth or canvas to protect them 
from dust and grit from the grind- 
ing wheel, and the lathe spindle 
bearings should also be protected. r qu 
А small pan of water or oil placed A m irr > 
just below the grinding wheel will Fig. 1 и Grindind қанынан diis 
collect most of the grit. 


A large, powerful grinder is most satis- 
factory for external grinding. Тће wheel 
should be at least four inches in diameter 
and the grinder should be mounted direct 
on the compound rest of the lathe, as 
shown in Fig. 1. 


A small high speed grinder is best for 
internal grinding, as speed is more im- 
portant than power for this class of work. 





Fig. 2. Internal Grinding At- 
tachment for Lathe 


Grinding Wheel Speeds 


The tabulation below shows grinding wheel speeds in revolutions 
per minute for surface рее of 4000 and 5000 е per minute. 




















22 Diam. У heel | lin З in. 4i in. | 5 in. | 6i in. SE 7 in. | 8 іп. E 10 Du. 12 in. 
R.P.M. for surface Speed| | | | 

. of 4,000 ft........... 5, 279| 7,639 | 5,093 | 3,820 | 3,056 | 2,516. ЕП 3| 1, 910. | 1,529 1,273 
R.P.M. for sur riage Speed) | |. | | 

of 5,000 ft.. isis e escas | 19, 099 | 9,549 | 6,366 | 4,775 | 3. 820 | 3,183 | 2, 728! 2.387 | 1,910 | 1,592 


GRINDING WHEELS FOR VARIOUS KINDS OF WORK 


Tabulation shows grade of Norton Grinding wheels. 





Kind of Work й Е Rough Grind | Finish Grind 














Cast Iron... 3736-K Crystolon — | 7 3760-J_C 








olon 





























Soft Steel 16-M5BE | | 60-MSBE 
Hardened Ste 3840-0588 | | 3800-La Bb 
High Speed Steel......... 3846-KABE 3860-Ko BE 
Brass or Bronze......... 205 K Crystolon | 3160-J Crystolon 








General Мотк............ | NSBE 16-N5BE 



















































Aluminum: e женене FER , Shellac | 36-M3L Shellac 

B&kelite зані pur us 3 stolon | 3746-К Crystolon 
3720- | 3146-K5'r-2 

Soft Киђђег............. Crystolon. Bakelite ystolon Bakelite 
3130-K5T- 3160-K5'T-2 

Hard Кибђег............. Crystolon в akelite | Crystolon Bakelite 

Automobile Valves....... 1960-M S0-L6DhE 











Tungsten Carbide........ _3760/1-17 Crystolon | 31100/2-H7 Crystolon 
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Winding Coils in the Lathe 

The unusually wide range of 
positive power longitudinal feeds 
available on the lathe make it an 
ideal machine for winding electri- 
cal coils of all kinds. A revolution 
counter may be attached to regis- 
ter the number of turns, as shown 
in Fig. 1 Special gearing may 
be obtained for odd leads not'in 
the usual thread cutting range of 
the lathe. Any type of coil form 
or wire guide required may be 
used. 


Spring Winding 

Coil springs of all kinds may 
be wound on the lathe, as shown 
in Fig. 2 Special mandrels are 
used for irregular shaped springs. 
The lead screw and half nuts of 
the lathe are usually used to ob- 


tain a uniform lead so that the ћ ^^ /. xi Жашы 8 
coils are all equally spaced. p 





Fig. 2 Winding a Spring 


Boring Work Mounted on Lathe Carriage 


Large work may be mounted 
on the lathe carriage for boring, 
as shown in Fig. 5. 

The boring bar is held be- 
tween centers and driven by a 
lathe dog. The work is clamped 
to the top of the lathe saddle and 
is fed to the tool by the automatic 
longitudinal feed of the carriage. 

Several good types of boring 
bars for this class of work are 
shown in .Figs..3 4 and 6 — 














Sofit BEND | По КУ з 


Fig. 5 Boring on the Lathe Carriage 
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Filing and Polishing 

Al tool marks can be re- 
moved and a smooth, bright finish 
obtained on the surface of a piece 
of work by filing and polishing, as 
shown in Figs. 1 and 2 


Use а fine mill file and file 
with the lathe running at а speed 
so that the work will make two 
or three revolutions for each 
stroke of the file. File just enough 
to obtain a smooth surface. If too 
much filing is done the work will 
be uneven and inaccurate. 


Keep the left elbow high and 
the sleeves rolled up so there will 
be no danger from the lathe dog. 


Keep the file clean and free 
from chips, using a file card fre- 
quently. 


A very smooth, bright finish 
may be obtained by polishing with 
several grades of emery cloth 
after filing. Use oil on the emery 
cloth and run the lathe at high 
speed. Be careful not to let the 
emery cloth wrap around the re- 
volving work. 


Lapping 


Hardened gauges, bushings 


and bearings afe,often finished in. 


the lathe by lapping, as shown in 

Fig. 2 Emery cloth, emery dust 
and oil, diamond dust and other 
abrasives are used. Usually the 
lathe spindle is operated at high 
speed. 


The lap may be very simple, 
consisting of a strip of emery 
cloth attached to a shaft, or it 
may be elaburately constructed of 
lead, copper, cast iron, etc. Some 
very fine and precise work may be 
accomplished by careful lapping. 





Filing to Remove Tool Marks 








Гів.. 3 Lapping the Inside of a Hardened 
Steel Bushing with Emery Dust and Oil 


SAW CUT 





GROOVES %> DEEP 


TAPER 74 PER FOOT 
Fig. 4 А Cast Iron Lap for Emery Dust 


Continued on next page 
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A. good serviceable lap for general use is illustrated on this 
page. The construction of such а lap is simple. Turn the cast-iron 
piece all over to rough size—turn handle end to size—turn lap 
surface to standard size minus one thousandth of an inch or two 
thousandths if the holes you lap are apt to come that small. With 
work turning at a slow spindle speed, turn slight line in lap surface 
at very coarse lead about one inch per revolution. This feed*can 
be done by hand as there is nothing particular about it. Make two 
such cuts, one right-hand lead, the other left hand. The purpose 
of these grooves is simply to act as grit and oil distributor troughs. 
They should be about ” to 3” wide and ву’ to zy” deep, depending 
on diameter of the lap. Cut with a sharp vee tool, 





The lap surface is next split with a milling cutter within about 
14" to 34" from the end of the lapped surface as shown above. 
It is then drilled and tapped at right angles to the split for the 
expansion screws. This slit through lap permits expansion by 
means of set screws in one-half acting on other half through the 
slot as shown. 


The best grits to employ are Arkansas grit, of the correct 
grain for the work to be tapped, and Bon Ami cleaning powder. 
These grits are not as fast cutting as some but produce good accurate 
work with a high finish. The grit used is mixed with machine oil 
to а light paste consistency and applied to.the lap evenly. 


Тће lap is then pushed into the hole with а combination push 
and twist drill going in and pull and twist in opposite direction 
coming out. The lap is rotated slightly in the hole after every 
complete stroke to avoid lapping too much in a position which 
might keep the hole from being lapped cylindrically round. 


Sufficient take-up should always be given to the adjusting 
screw to insure the lap fitting the hole snugly. If this is not done 
the hole may be lapped bell mouthed. 


The above-mentioned grits and procedure may be used when 
lapping holes in steel, either hard or soft, cast iron and bronze, 
and are advantageous in that the work is not charged with the 
cutting grit as may occur when emery or carborundum is employed. 
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LATHE TOOL SHARPENING 


The angle of the cutter bit with 
the bottom of the tool holder must 


be taken into consideration when 
grinding cutter bits. 
The side clearance Fig. 1. is 


to permit the cutting edge to auvance 
freely without the heel of the tool 
rubbing against the work. 


SIDE RAKE 


Fig. 1. 





__ ANGLE ОР 
КЕЕММЕ55 


SIDE CLEARANCE ~el 
stot —— "Я 


Correct Side Clearance and Side 
Rake of Cutter Bit 


The front clearance Fig. 2 is 
to permit the cutting edge to cut 
freely as the tool is fed to the work. 


Тоо much clearance will weaken 
the cutting edge so that it will break; 
but insufficient clearance will prevent 
the tool from cutting. 


Side rake and back rake (Figs. 
1 and 9 also facilitate free cut- 
ting. For cast iron, hard bronze and 
hard steel, very little side rake or 
back rake are required. 





FRONT CLEARANCE 
2% to 15 


Correct Front Clearance and 


ig. 2. 
Back Rake of Cutter Ви 4 


А г E D E F 
L d Round R H І. H. Thwad- КОН. 
Yorning Nose пишу Node ши Side 


Set of Ground Cutter Bits 


The ‘angle of keenness Fig. 1 
may vary from 60° for soft steel to 
nearly 90° for cast iron, hard steel, 
bronze, etc. 


Figs. 3 to 4 inclusive, show 
the various steps in grinding a cut- 
ter bit for general machine work. 
Honing the cutting edge (Fig. 8 
will improve the quality of the finish 
and lengthen the life of the tool. 





BIT і BIT : 
Fig. 4. Grinding 










Fig. 3. Grinding і 4 | 
Lett Side of Cutter Right Side of Cut- 
Bit ter Bit 
GRINDI 
WHEEL 
CUTTER 
BIT 
CUTTER 
GRINDING BIT 
WHEEL 
Fig. 5 Grinding Fig. 6. Rounding 
Front of Cutter End of Cutter 
Bit Bit 





Honing 
Grinding the Cutting Edge 
Side Rake and of Cutter Bit with 


Fig. 8. 
Fig. 7. АЗ 


Back Каке an Oil Stone 


Е 


Unground Cutter Bit 
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LATHE TOOLS 
а роь. + 


Fig. 1 











Each lathe should be equipped with a complete set of lathe 
tools for turning, facing, threading and boring. They can be either 
of the forged type ( 1 ), or of the tool holder type using high-speed 
steel bits, such as are made by Williams, Armstrong ( 2 ) or О. К. 
(3 ). 'The tool holder type is the most commonly used because 
it 15 more convenient. No forging or dressing is necessary with 


this type. 
A complete set of tools consists of the following: 
Straight shank turning tool ( + ), which can be 
^ | used with various types of tool bits ror right and left- 
% hand turning, right 
ії and left-hand facing, 


and threading. Bits 
can also be ground to 
special shapes for 
fillets in corners, etc. 


Left-hand offset 
turning tools (5 ) 
are desirable when the 
operator wishes to 
work close to the 
chuck or the driving 
dog. Ву using this 
type of tool it 1s 
possible to turn the 

Continued on next page 
For turning brass, there should be no 
top rake ( 6 ) and the cutting edge of the 
tool should be about horizontal. For turning 
soft copper, babbitt, and some die casting 
alloys, a negative rake ( 7 ) is often used. 








RENE s ——————— 
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piece up to the chuck and at the same time have the chuck clear 
the side of the carriage and compound rest. 


Right-hand offset turning tools 
( 8 ) answer the same purpose when working 
at the tailstock end. Various shaped bits 
can be used in either right or left-hand turn- 
ing tool holders to suit the work being done. 





Straight cutting-off tools ( 9 ) are used for cutting off 
in the lathe. The blade used in this tool is ground with the proper 
side clearance. Then, when properly set in the holder, the tool 
does not drag. 


The right-hand cut- 
ting-off tool ( 10 ) is used 
for cutting off work close 
.to the chuck. То prevent 
chatter, when using а tool 
of this type, excessive over- 
Fig. 10 hang of the work should be 

avoided. 





The left-hand cut- 
ting-off tool ( 11) is for use 
near the tailstock end of the 
lathe. This type of tool is 
rarely used and in most cases 
the right-hand cutting-off tool 
serves all purposes. 

Steel finishing side tools are ground with a 10? to 12° side 
clearance, about 10? to 15? side rake, по top гаке, and about 8? 
front clearance. 





Cast iron, brass, etc., the same clearance except no side rake 
is used on tool. 
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Threading or chasing tools 
(12). 'There are many patented 
types of threading tools. The tool 
shown is provided with а formed 
cutter, and is ground on the top 
to maintain the correct thread 
form. On some classes of material where it is not possible to cut a 
smooth thread with a rigid chasing tool, a spring threading tool 
(13) will produce better results. 





Fig .12 


The spring threading tool is built 
with a nut for the lockable spring 
head which provides rigid backing 
for coarse threads and heavy cuts, 
and when - loosened, the holder 
becomes a spring tool for finishing 
work. Neither of these tools is 
absolutely essential as most.threads сап be cut by grinding a tool 
bit to the proper shape, with 
the use of а thread gauge. 
The bit is held in a turning 
tool holder. 





Boring bars and hold- 
ers. Tools of the type shown 
are used for boring holes and 
chasing internal threads. Two 
basic types of boring bars are 
used, namely, the forged type | 
and the bar and holder type. "Three of the bar and holder types are 
shown in the accom- 
panying illustrations. 
No. 14 is used for 
small holes, which in 
addition to holding 
bars with bits as 
shown, can be used 
to hold boring tools 
made of drill rod for 


very small holes, and also for holding drills for drilling. The boring 
bar shown in illustration ( 15) is used for medium size holes and 
is adjustable for different depths of holes. It is held in the regular 
tool post by а shank, the same as the turning tool. 

А tool properly ground should have the point set on the center 
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line of the work. Some operators make a practice of setting the: 


tool above the center line, about gz of an inch for each 1" clearance 
in diameter. This, however, necessitates changing the clearance and 
rake angles of the tool and for this reason we do not recommend it 
for the student or beginner. 
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Figure ( 16 ) 
shows а boring 
bar for heavy work 
that is held in the 
compound rest T- 
slot. This makes 
the bar more rigid Fig. 16. 
than when held in 
the tool post. Var- 
ious shaped tool bits 
for. boring, facing, 
counterboring and 
threading holes can 
be used in the dif- 
ferent bars. 








Knurling tool (!7). On 
some classes of work such as thumb 
screws, it is necessary to roughen 
the diameter to give a better grip 
and prevent oily fingers from 
slipping. This is called knurling 
and is used extensively on optical, 
radio and other electrical work. 
À tool holder carrying two knurled 
wheels is fed into the work while it is revolving and impresses a 
pattern on the work. Wheels of different patterns can be obtained 
for the knurling tool holder. 





Nomenclature of Lathe Tools 


CUTTING EDGE SIDE RAKE ANGLE А 
(Сеш) ESS CUTTING 
Bast siot R RELIEF: 25 | 
mom "SECTION А-А ‘А 
m P CUTTING EOGE 
CUTTING EOGE -- -- ВАСА 
й WS 

"А б № С] “ж, 


Ut 
Ri | 
sot ВЕНЕР“ дыд 
ANGLE 








Lj 


LJ 


ENO eua d CUTTING 
€0GE — 
= = 


з зн “SIDE CUTTING ЕССЕ ANGLE 
эбе CUTTING LOGE ANGLE - ORK SURFACE 








27 : E» WORT TRUE RAKE ANGLE 
рысы аны SN, ИР MACHINED fi 
SEND 5 ENO RELIEF ANGLE ue /» 
i 2 
ТІР TRAN ENO силан ANGLE 0 UMOR" Aa 
SECTION А-А хед 


On work to be finish ground, make the finish turned diameter 
15 thousandths over actual finish ground diameter. 

On work to be file finished and polished, leave 2 to 3 thou- 
sandths of an inch over finish size to provide stock to file and remove 
slight tool marks and give polish finish. 
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ENGINEERING INFORMATION COVERING THE DESIGN 
AND APPLICATION OF SPUR GEARS 


To Say 3 P. or 3 Pitch Means 3 Diametral Pitch 
To Say 3" P. or 3 inch Pitch Means 3 inch Circular Pitch 


The word “diameter” when applied to gears is always understood to mean the pitch 
diameter. 


Diametral pitch of the gear is the number of teeth to each inch of its pitch diameter, 


Circular pitch is the distance from the center of one tooth to the center of the next 
tooth, measured along the pitch circle. 


Addendum is the distance measured from pitch circle to the outside or circumference 
of the gear. 


Dedendum is the distance measured from the pitch circle to the bottom of the tooth. 


Clearance is equivalent to 1.57 divided by the diametral pitch, or about У of the depth 
of tooth. 








ADDENDUM 
DEDENDUM 
ING DEPTH 


RULES AND FORMULAE FOR INTERNAL 
SPUR GEARS 


(Where rules and formulas are not given, they are the same as for externai gears) 




















| То Find Rule Formula 
Subtract the number of teeth in the pinion 
Center from the number of teeth in the gear and Ny — Мр 
Distance divide the remainder by 2 times the diame- C= ЭР 


tral pitch. 





Multiply the difference of the numbers 
Center of teeth in the gear and pinion by the cir- СМ; — Np) Р" 
Distance cular pitch and divide the product by C 763839 — 
6.2832. М 











(Continuea on top ог next page.) 
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Subtract 2 from the number of teeth and 











Inside divide the remainder by the diametral aS 
Diameter pitch. P 
қ Subtract 2 from the number of teeth, (N —2) P' 
Inside multiply the remainder by the circular I- TAT 
Diameter pitch, and divide the product by 3.1416. 3 6 
Pitch Add twice the addendum to the inside 
Diameter diameter. D =I +2S 
Inside Subtract twice the addendum from the 
Diameter pitch diameter. I=D-2S 








RULES AND FORMULAE FOR DIMENSIONS 


OF SPUR GEARS 





























































































































No. of| , 
Rale To Find Rule Formula 
Di 1 - Қ 
1 асра Divide 3.1416 by circular pitch. Р= 21315 
2 Circular | Divide 3.1416 by diametral pitch. P= 3.1416 
3 DES. Divide number of teeth by diametral pitch. D -7 
= ЖАРАЛЫП MENOR анонсы а 
4 Pitch Multiply number of teeth by circular pitch and D NP' 
Diameter divide the product by 3.1416. 73.1416 
5 Center Add the number of teeth in both gears and divide ба Ng +Np 
Distance the sum by two times the diametral pitch. Án зо 
Center Multiply the sum of the number of teeth in both (Ng 4-No)P' 
6 Distance gears by circular pitch and divide the product by | с = 
6.2832. 6.2832 
7 Addendum Divide I by diametral pitch. S = 
а 7 
8 Addendum | Divide circular pitch by 3.1416. 5= R 
$ 3.1416 
ege 7 т 0.157 
9 ‚ Clearance Divide 0.157 by diametral pitch. F- = 
eee a ; 
10 Clearance Divide circular pitch by 20. F=f 
11 | Whole Depth | Divide 2.157 by diametral pitch. w= 2157 
12 | Whole Depth | Multiply 0.6866 by circular pitch. W =0.6866 P’ 
13 | up pees? | Divide 1.5708 by diametral pitch. т = 15798 
Thickness Р? 
14 of Tooth Divide circular pitch by 2. т=— 
2 
Outside Add 2 to the number of teeth and divide the sum N+2 
15 Diameter by diametral pitch. === 
Р 
у Outside Multiply the sum of the number of teeth plus 2 by (М +2) P 
16 Diameter circular pitch and divide the product by 3.1416. = 
34416 
Diametral N 
17 Pitch Divide number of teeth by pitch diameter. Р=— 
D 
Circular Multiply pitch diameter by 3.1416 and divide by 3.1416 D 
18 Pitch number of teeth. Pa — 
N 
Pitch Subtract two times the addendum from outsiae Ке 
19 Diameter diameter. D=0— 25 
20 Number of Multiply pitch diameter by diametral pitch. N=PXD 
Number of Multiply pitch diameter by 3.1416 and divide the 3.1416D 
21 Teeth product by circular pitch. Space 
Р 
22 DUE Add two times the addendum to the pitch diameter. О=р +25 
Length of Multiply number of teeth in rack by 3.1416 and 3.1416 N 
23 Rack divide by diametral pitch. рашка се 
an en ee а и желген Р 
24 Length of Multiply the number of teeth in the rack by circular 


Rack 


pitch. 


L-NP 
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BEVEL GEARS 


The curve of teeth in bevel gears, when correctly formed, changes constantly from 
one end of the tooth to the other. Therefore bevel gears, whose teeth аге produced 
with а cutter of fixed curve, are not theoretically correct, the cutter usually being of а 
curve that will make the correct form at the outer part of the face of the gear, and of 


necessity will leave the curves too large at the inside ends of the teeth. 













қ ЖЕНЕ 


OUTSIDE DIAM. .........L... 1. 


i 
--5 





ТП 
RE 
HEELS” 





LARGEST PITCH РІАМ..... 


ен 







ы. с 
BEVEL 
WHEELS 





ta--—— LARGERT PITCH DIAM. 


Small bevel gearing is almost universally 
produced in this manner, which practically 
answers the purpose, except when the 
teeth are very coarse or the gears very 
small, in which cases their operation is not 
satisfactory. 


In place of cutting by changing position 
of cutter, etc., the teeth are often filed 
slightly, in order to round them off to the 
curve required for their free running. 


On all bevel gears cut with & cutter of 
fixed curve, it is necessary to cut through 
twice owing to the necessity of making 
the thickness of the cutter on the pitch 
line equal to about .005" thinner than the 
space between the teeth at the smallest 
pitch diameter. As the width of space 
between the teeth on the largest pitch 
diameter should be greater than the 
thickness of the cutter, it must be made 
so by passing the cutter through а second 
time. 


The cuts on this page will explain the 
forms of spur, bevel and mitre gears, also 
the terms “pitch diameter," ‘‘outside 
pitch diameter,” 


diameter," “largest 


“length of face," etc 


When а pair of bevel gears are of same 
size апа number of teeth, with their lines 
of centres at right angles, they are called 
“mitre gears," and one cutter will answer 
for both; but where one gear has a greater 
number of teeth, or differs in bevel from 
the one running into it, then each of the 
pair of gears may require a different cutter. 
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RULES AND FORMULAS FOR CALCULATING BEVEL 
. GEARS WITH SHAFTS AT RIGHT ANGLES 


>л 


аў =Рїїсһ сопе 





а. 
" Np - Number of teeth 


angle of pinion; 
=Pitch cone 
angle of gear; 


in pinion, etc. 











To Find 












Pinion. 


gear to get the tangent. 








Pitch Cone Angle 
2 (or Edge Angle) of 
Gear. 


Divide the number of teeth in the 


сеаг by the number of teeth in the 


pinioa to get the tangent. 


Rule Formula 
Pitch Cone Angle Divide the number of teeth in the Np 
1 (ог Edge Angle) of | pinion by the number of teeth in the tan ар "м 










Ргоої ої Calculations 
for Pitch Cone Angles 


The sum of the pitch cone angles of 
the pinion and gear equals 90 degrees. 













Pitch Diameter. 


Addendum. 


Divide the number of tecth by the 
diametral pitch; or multiply the num- 
ber of teeth by the circular pitch and 
divide by 3.1416. 





Divide 1.0 by the diametral pitch; 


or multiply the circular pitch by 0.318. 





Dedendum. 





Divide 1.157 by the diametral pitch; 


or multiply the circular pitch by 0.368. 










Whole Depth 
of Tooth Space. 


——— 


Divide 2.157 by the diametral pitch; 
or multiply the circular pitch by 0.687. 
















Thickness of 
Tooth at Pitch 
Line. 





Pitch Cone 
Radius. 





Divide 1.571 by the diametral pitch; 
or divide the circular pitch by 2. 





Divide the pitch diameter by twice 
the sine of the pitch cone angle. 









Addendum of 
Small End ог 
Tooth. 
















Thickness of 
Tooth at Pitch 










"Angle. 


Subtract the width of face from the 
pitch cone radius, divide the remain- 
der by the pitch сопе radius and multi- 
ply by the addendum. 








Subtract the width of face from the 
pitch cone radius, divide the remain- 
der by the pitch cone radius and multi- 





cone radius to get the tangent. 










Dedendum 
Angle. 







pine at Small ply by the thickness of the tooth at the 
na: pitch line. 
Addendum Divide the addendum by the pitch 





Divide the dedendum by the pitch 
cone radius to get the tangent. 


Subtract the sum of the pitch cone | 























Face Angle. and addendum angles from 90 degrees. 6 -90* —(a +6) 
T Subtract the dedendügi angle fom 
Cutting Angle. the pitch cone angle. {=а-Ф 
Angular  Adden- _ Multiply the addendum by the co- 
dum. sine of the pitch cone angle. К =5 Хсоз а 
тыны Add twice th | 
Outside Diameter. 'the му sddendumito O=D+:K 
Apex Distance. Multiply one-half the outside diam- .9 
p 5 eter by the tangent of the face angle. J 2 X tan 6 





(Continued on top of next page) 
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Subtract the width of face from the pitch.cone ; =J XC—F 
19 Apex Distance at radius: divide the remainder by the pitch cone NES cai 
Small End cf Tooth. radius and multiply by the apex distance. 
1 
Number of Teeth for Divide the number of teeth by the cosine of the seus № 
20 which to Select Cutter. pitch cone angle. frd 


Proof of Calculations 
31 by Rules Nos. 9, 12, 
14, 16 and 17. 


The outside diameter equals twice the pitch 
cone radius multiplied by the cosine of the face 
angle and divided by the cosine of the addendum 


О = С X cos б 


cos 0 


angle. 


RECOMMENDED PRACTICE FOR BEVEL GEARING 


The American Gear Manufacturers Assn. has adopted as recommended practice 
the following rules: і 

Тре maximum length of face of bevel gears should not be over 14 of the cone distance 
for gears up to 3 in. pitch diameter and not over 14 of the cone distance for gears from 
З to 20 inch pitch diameter, assuming that the pitch in every case will be in proper pro- 
portion to the size of the gears. А safe rule is to make the face from 115 to 215 times 
the cireular pitch. 

The minimum length of bearing along the face is to be at least L4 
face when the gears are held in correct alignment. 

Bevel gears with generated involute teeth of standard addendum having а pressure 
angle of 1414? may be used according to the following rule: 


the length ‘of the 


RATIO No. OF TEETH 
1 tol 14 and over 
1% to 1 18 and over 
2. tol 19 and over 


3 to Тапа over : й 2] and over 
This rule is given applying mainly to gears up tó 20 inches pitch diameter and to average 
industrial machine design as distinguished from automobiles. 


RECOMMENDED PRACTICE FOR BACKING: DIMENSIONS 
OF BEVEL AND MITRE GEARS 


'The following formulae are recommended for the calculation of backing uimensions 
of Bevel and Mitre Gears, 


BEVEL GEARS AND PINIONS 
Backing in inches of Pinion = Pitch diameter of gear X .250 


(Ratio of Gear to Pinion) + 1 
(Pitch diameter of gear X .250) — Backing of Pinion 
MITRE GEARS 
Pitch diameter X .125 


This does not allow for set serews in pinions below 4 inches Pitch Diameter. 


RULES FOR CALCULATING SPIRAL GEARS 


The following rules are used for calculating the dimensions of spiral ог helical gears: 
Rule 1. The sum of the tooth angles of a pair of mating helical gears is equal to the shaft angle. 


Rule 2. To find the pitch diameter of a helical gear. divide the number of teeth by the product of the 
normal pitch and the cosine of the tooth angle. 

Rule 3. To find the center distance, add together the pitch diameters of the two gears and divide by 
2. This rule is evidently the same as for spur gears. 

Rule 4. To prove the calculations for pitch diameters and center distance, multiply the number of 
teeth in the first gear by the tangent of the tooth angle of that gear, and add the number cf teeth in the 
second gear to the product; the sum should equal twice the product of the center distance multiplied by the 
nor па! diametral pitch, multiplied by the sine of the tooth angle of the first gear. 

Rule 5. To find the number of teeth for which to select the cutter, divide the number of teeth in the 
gear by the cube of the cosine of the tooth angle. 


Rule 6. To find the lead of the tooth helix, multiply the pitch diameter by 3.1416 times the cotangent 
of the tooth angle. The rules relating to the addendum and the whole depth of tooth are the same as for 
spur gears. 2 


Rule 7. To find the addendum, divide 1 by the normal diametral pitch. 
Rule 8. To find the whole depth of tooth space, divide 2.157 by the normal diametral pitch. 


1 кше 9. To find the normal tooth thickness at the pitch line, divide 1.571 by the normal diametral 
piteh. 


Rule 10. To find the outside diameter, add twice the addendum to the pitch diameter. 


Rule 11. To find the equivalent diameter of a helical gear, divide the number of teeth of the gear-by 
the diametral pitch of the cutter by which it is cut. 


Backing in inches of Gcar = 


Backing in inches of Gear — 
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Rules for Figuring Bevel Gears 





To Find | Rule 





Number of teeth 
| Diametral Pitch 























Pitch Diameter Мо. of teeth X circular pitch 
| 3.1416 
LTD EE or, No. of teeth X circ. pitch X .3183" 
—— Жы: ы i vaca 
Pitch Depth "Diametral Pitch 9 
MTS m .| | Circular Pitch X .3183” EN 
(Standard) | 
Full Depth Pitch Depth X2 -- Circular pitch X. 05 | 
ON (Special) 
Rati Н | . Number of teeth in Gear 
й NA . Number of teeth in Pinion | 
Diameter Increment (Pitch Depth X 2) X cosine of 
Pitch Angle. 
Outside Diameter й Pitch Diameter + Diameter Increment 





Tangent Pitch Angle Gear 





" Number of teeth in Gear 
Number of teeth in Pinion 











Number of teeth in Pinion 





Tangent Pitch Angle Pinion "Number of teeth in Gear 


ог, 90°—Pitch Angle of Gear 





Cone distance at Pitch Line 





Pitch Radius of Gear 
Sine of Pitch Angle of Gear 








Back Cone distance “Cone distanceXtangent Pitch Angle 





Tangent of Addendum Angle 
PNE 


Pitch Depth 
Cone Distance 











Tangent of-Block ог Dedendum |». Flank Depth й 

Angle. . Cone Distance _ 
Face Angle | Pitch Angle + Addendum Angle 
Root Angle Pitch Angle — Dedendum Angle 





Distance from Crown to Pitch Line Pitch Depth X Sine Pitch Angle 





Pitch at outside is to Pitch at 


Pitch at Inside inside as Cone distance is to 


(Cone distance) — face 





(15 thickness of tooth at Pitch Line + 


Tooth Angle Tangent flank depth X tangent pressure angle) 








Work Mounted in Chuck and 











cone distance 











Center Rest in Center Rest 





Work Mounted on Center and 
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FACTORS FOR CALCULATING STRENGTH 


OF BEVEL GEARS 


These Y Factors are for Diametral Pitch. To obtain Circular Pitch Y Factors 
divide by 3.1416. 











Table of Outline Factors (Y) for 14!4? and 20? Involute 





Outline Factor = Y Outline Factor = Y 


1414? 20* 14° 20° 
Involute Involute Toyo mte Involute 








т Number of teeth 
cos а. 


N’ 


ооооооооосооо 
oooooooooooo 


ooocooooooooo 





END THRUST ON BEVEL GEARS 
In designing bearings to be used with bevel and mitre gears it is important: 
to know the end thrust exerted by the bevel gears and pinions so that proper 
end thrust bearings may be provided. 
The method of calculation of end thrusts is as follows: 
А — Pressure angle of the gear teeth 
P = Tooth Pressure at middle of tooth face 
Е = Separating Force - PXTan А 
B x Pitch angle of Pinion 
T = Thrust oh pinion =P x Tan Ax Sin B 
Ті = Thrust on gear =P x Tan А x Cos B 


The following table gives the factors by which the tooth pressure is multiplied 
to find the thrust which give ‘practically the same values found by solving the 
formulae for T & Ті given above. 


PRESSURE ANGLE A 
14M? 


Pinion 





Fitting а Chuck Plate to а Chuck 


. Before a chuck can be used on a lathe it must be fitted with а chuck 
plate that has been threaded to fit the spindle nose of the lathe. Semi- 
machined chuck plates that have been accurately threaded to fit the 
lathe spindle can be obtained from the lathe manufacturer. 
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THE SIZING AND CUTTING OF GEARS 


Diameter, when applied to gears, is always understood to mean the pitch diameter. 
Diametral Pitch is the number of teeth to each inch of the pitch diameter. 


Example. ЇЇ a gear has 40 teeth and the pitch diameter is 4 inches, there are 10 
teeth to each inch of the pitch diameter and the diametral pitch is 10, or, in other 


words, the gear is 10 diametral pitch. 
Diametral Pitch required, circular pitch given. Divide 3.1416 by the circular pitch. 


Example. If the circular pitch is 2 inches, divide 3.1416 by 2 and the quotient, - 


. 1.5708, is the diametral pitch. 
Diametral Pitch required, number of teeth and outside diameter given. Add 2 to the 
number of teeth and divide by the outside diameter. 

Example. If the number of teeth is 40, the diameter of the blank is 10 У; inches; 
add 2 to the number of teeth, making 42, and divide by 1015; the quotient, 4, is the 
diametral pitch. 

Circular Pitch is the distance from the center of one tooth to the center of the next 
measured along the pitch circle. 

Example. If the distance from the center of one tooth to the center of next tooth, 
measured along the pitch circle, is 14 inch, the gear is 16 inch circular pitch. 


Circular Pitch required, diametral pitch given. Divide 3.1416 by the diametral pitch. 
Example. If the diametral pitch is 4, divide 3.1416 by 4, and the quotient, .7854 
inch, is the circular pitch. 


Number of Teeth required, pitch diameter and diametral pitch given. Multiply the 
pitch diameter by the diametral pitch. 
Example. If the diameter of the pitch circle is 10 inches and the diametral pitch is 
4, multiply 10 by 4, and the product, 40, will be the number of teeth in the gear. 


Number of Teeth required, outside diameter and diametral pitch given. Multiply the 
outside diameter by the diametral pitch and subtract 2. 
Example. If the whole diameter is 1014 inches and the diametral pitch is 4, mul- 
tiply 1016 by 4, and the product, 42, less 2, or 40, is the number of teeth. 


Pitch Diameter required, number of teeth and diametral pitch given. Divide the 
number of teeth by the diametral pitch. | 
Example. ЇЇ the number of teeth is 40 and the diametral pitch is 4, divide 40 by 
4, and the quotient, 10, expressed in inches, is the pitch diameter. 


Outside Diameter or size of gear blank required, number of teeth and diametral pitch 
given. Add 2 to the number of teeth and divide by the diametral pitch. 
Example. If the number of teeth is 40 and the diametral pitch is 4, add 2 to the 
40, making 42, and divide by 4; the quotient, 101, is the whole diameter of the 
gear or blank. 
Thickness of Tooth at Pitch Line required. Divide the circular pitch by 2, or 1.57 by 
the diametral pitch. 
Example. If the circular pitch is 1.047 inches, or the diametral pitch is 3, divide 
1.047 by 2, or 1.57 by 3, and the quotient, .523 inch, is the thickness of tooth. 


Whole Depth of Tooth required. Divide 2.157 by the diametral pitch. 
Example. If the diametral pitch of a gear is 6, the whole depth is 2.157 divided 
by 6, which equals .3595. 


Whole Depth of Tooth is about 1% or exactly .6866 of the circular pitch. 
Example. If the circular pitch is 2 inches, the whole depth of tooth is .6866 X 2 
inches, or 134 inches nearly. 


Distance between Centers of two gears required. Add the number of teeth together 
and divide one half the sum by the diametral pitch. 
Example. If two gears have 50 and 30 teeth, respectively, and are 5 pitch, add 50 
and 30, making 80, divide by 2, and then divide the quotient, 40, by the diametral 
pitch, 5, and the result, 8 inches, is the center distance. 
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INSTRUCTIONS ON SPIRAL GEARS 


_ The art of designing helical or "зрігаї" gears opens with an apology. The subject is one which, from 
its very nature, can be approached by any one of a number of different ways. It has been approached by 


so many of these possible different ways that perhaps the subject has become quite confused in the minds 
of many technical readers 


. We show on page 52 the drawing with illustrating terms used in calculations of spiral gear. The normal 
diametral pitch, or diametral pitch of the cutter used, is reckoned from measurements taken along the 
pitch cylinder at right angles to the length of the tooth. P’ represents the regular circular pitch, while 
P'n represents the normal circular pitch. The diametral pitch may be found from this by dividing 3.1416 by 


Roe 27” 


\ 


, AS 











P'n. This is the pitch of the cutter to be used. The cutter cannot be selected for the actual number of teeth 
in the gear, but must take into account the helix angle of the teeth as well, since the curvature as measured 
on a line at right angles to the helix is at a greater radius than when measured on the circle. The length 
of the helix, or the lead, as shown in the above drawing, is the length of pitch cylinder required to permit 
one complete revolution of the tooth if the latter were carried around for the full length of this cylinder 
'The addendum 5 and whole depth W of the tooth for helical gears is the same as for plain spur gears. 


The normal thickness of tooth at the pitch line, Tn, as shown in the above drawing, is measured in a 
direction perpendicular to the face of the tooth. The regular tooth thickness is shown at T, but with this 
we are not concerned. The outside diameter, as for spur gears, is found by adding twice the addendum tc 
the pitch diameter. 
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Gear Cutting Attachment 





Cutting Gears on the Lathe 


The gear cutting attachment for the 
lathe, shown in Fig. 1.  . will cut spur 
and bevel gears of all kinds. It will do 
graduating and milling, external key 
seating, cutting at angles, splining, slot- 
ting and all regular dividing head milling 
work. =o 


SPIRAL GEAR CUTTING 


Spiral gears may have their axes parallel, the same as spur 
gears, or the axes may be at an angle with each other. A spiral 
gear differs from a spur gear in that the teeth are not placed parallel 
with the axis, but are wound spirally around the pitch circle. The 
name “spiral gears" is really wrong. The teeth аге not wound іп а 
SPIRAL, but in a HELIX around the pitch circle. The distinction 
between a spiral and a helix will be clear when we remember that the 
main spring of a watch is a good example of a spiral, while the 
threads on a lead screw form a helix. However, in our discussion, 
we will use the name “spiral gears," as this is the name by which 
the average mechanic knows them. This chapter will not treat 
of all the properties of spiral gears, but only of such as need be known 
in order to design or make them. 


If we have two shafts with a center distance of 714", and we 
must drive one shaft from the other with a given speed ratio, we 
will find considerable trouble if we try to use spur gears. If, for 
instance, the speed ratio is 4 to 5, we will not be able to use spur 
gears except by making them 18 pitch. The sum of the diameters 
is 1415", being twice the center distance, and we must select the 
pitch so that the sum of the numbers of teeth of the two gears can 
be split up into two numbers which have a ratio of 4 and 5. If we 
should select 4 pitch for the gears, we would find that the sum of the 
numbers of teeth of these two gears is 4 times the sum of their diame- 
ters, or 4 times 141% equals 58. However, 58 can not be split up 
into two numbers which have a ratio of 4 and 5. In order to do во, 
58 should be divisible by 4 plus 5 which equals 9. If we should 
select 5-piteh gears, then the sum of the numbers of teeth of the 
two gears would be 5 x 1415 = 7215, and this, of course, is impossi- 
ble, as the sum of the number of teeth of two gears must be an 
integral number. If we make the pitch 18, then the sum of the 
numbers of teeth of the two gears would be 18 x 1414 = 261, and | 


Continued on next page 
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4 5 . 
one gear would have = of 261 teeth, and the other gear a of this num- 
9 ‹ 


ber. However, 18 pitch is probably entirely too fine for the work 
we have to do, so that we must choose one of two things. We must 
either make special cutters with an odd pitch, or we must be satis- 
fied with a compromise as to the gear ratio. The first of these two 
things is costly and consumes a great deal of time and the other 
may be absolutely prohibitive if an exact gear ratio 15 required. 

Substituting spiral gears for spur gears would solve the question 
at once. 


Definitions- Pitch, Lead, Normal Pitch, etc. А tooth of a 
spiral gear is much like the thread of a screw. It does not have the 
same cross section, nor is it meant to do the same kind of work, but 
in many respects the two are very similar. The distance from a 
point on a screw thread to the corresponding point on the next 
thread is called the PITCH. Тһе distance the screw travels in an 
axial direction, if we give it one complete turn, is called the LEAD. 
These same terms apply in the same way to а spiral gear. There is, 
however, this distinction: We measure the pitch of a serew along the 
axis of the screw, whereas, we measure the pitch of a spiral gear around 
the circumference, that is, at right angles to the axis. However, 
there are two things which are called pitch in the spiral gear. The 
pitch, as we described it, that is, the distance between two cor- 
responding points of two adjoining teeth measured at right angles 
to the axis, is called the REAL pitch, whereas the distance between 
two corresponding points of two adjoining teeth, measured in à 
direction AT RIGHT ANGLES TO THE DIRECTION OF THE TEETH, is 
called the NORMAL pitch. The normal section, which would. give 
us the normal pitch, would show us the true section of the teeth. 
A section, taken at right angles to the axis, would give us the dis- 
torted view of the shape of the teeth as seen when looking at the 
end of a spiral gear. A section through the axis would also give a 
distorted view. If the spiral angle is 45^, then the distorted views of 
the teeth would be the same whether we take the sections through 
the axis, or at right angles with the axis. If the angle of the spiral 
with the axis is less than 45°, that is, if the spiral gear approches 
more nearly a spur gear, then the right angle section would give а 
less and the axial section a more distorted view. ‘his is reversed 
if the angle of the spiral with the axis is more than 45°, that is, if 
the spiral gear approaches more nearly the shape of a worm. 


Continued on next page 
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Cutting Spiral Gears. Spiral gears are ordinarily cut with 
common spur gear cutters. The normal pitch is, therefore, given 
in the same way as the pitch of spur gears, that is, we talk of a 5, 
a 7, or a 10-pitch gear. The real pitch is measured along the cir- 
cular section of the gear, and if this pitch is P and the number of 
teeth of the gear is n, then the length of the circumference of the 
normal section is ПР. 


ЯВ : Ях!$5 
T : TOOTH LINE 
м, NORMAL PITCH 
P * REAL ТСН 
с.» SPIRAL ANGLE 


Fig. 1 


Fig.1 — shows that the normal pitch and real pitch bear such 
a relation to each other that. the normal pitch is a right angle side 
оба right angle triangle, of Which the real pitch is the hypotenuse 
and the tooth line is the base. If the angle between the tooth line 
and the axis is called L, and if the normal pitch їх P, then the real 
pitch is P-seeant-L. И we know the pitch of the cutter, the number 
of teeth and the spiral angle, we can easily figure the pitch diameter 
of the spiral gear. We figure as if it were a spur gear and then multi- 
ply the diameter by the secant of the spiral angle. For instance, a 


Continued on next page 
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spiral gear with 16 teeth, 5 pitch, and a spiral angle of 37 degrees, 
will have a diameter of 16 divided by 5 and multiplied by the secant 
of 37 degrees. If we were dealing with a spur gear the pitch diameter 


would be Н =" 


From a table of secants we find sec 31^ 12521. Then we 
have 3.2 x 1.2521 = 4.0061", the pitch diameter of the spiral gear. 
The pitch circumference is 4.0067 хот 4.0067 - 3 14159 
12.587". у | 

If we should make a wooden cylinder with a diameter equal to the 
pitch diameter of our spiral gear, and then cut out a paper right 
angle triangle, Fig. 20 :, of which one right angle side is equal to 
the circumference of the pitch circle, and the opposing angle equal 


39.RR. ANGLE 





| 
CIRCUMFERENCE QFP тсн САС. Е 


Fig. 2 


to the spiral angle, and wrap this triangle around the cylinder, 
we will find that the hypotenuse describes a spiral line around. the 
cylinder, and that the end of the hypotenuse will come in line with 
the beginning. In other words, the two ends of the hypotenuse 
will be a distance apart on the cylinder equal to the lead of the 
spiral. If now we unwrap the paper triangle we have in this triangle 
all the important elements of a tooth of the spiral gear. One right 
angle side is the circumference of the pitch circle, the second right 
angle side is the lead, the hypotenuse is the length of a tooth 
wrapped once around the pitch cylinder, the angle opposite the 
circumference is the angle of the spiral with the axis of the gear. 
This is commonly called the spiral angle or helix angle. It is the 
angle to which the milling machine table must be set. The angle 
opposite the lead is the angle which the tooth makes with the body 
of the gear. 


Continued on next page 
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Addendum, dedendum and clearance are tne. same ах in a spur 
gear of the same pitch as the normal pitch of the spiral gear. 


Selecting the Cutter. Ц is now possible to figure all the 
dimensions of the spiral gear and turn up the blank in the lathe. 
However, when it comes to cutting the teeth, a new element comes 
in. Although the gear may have 16 teeth, 5 pitch, this does not 
mean that we can use а 16-tooth, 5-pitch gear cutter for this spiral 
gear. It is true, we will have to use a 5-pitch cutter, but not for 
16 teeth. We must select a spur gear cutter for a different number 
of teeth. The rule usually given is to divide the number of teeth 
óf the spiral gear by the cube of the cosine of the spiral angle. 

This gives good results for gears having a spiral angle in the 
neighborhood. of 45°, but anyone who has followed this rule for 
gears. with a spiral angle differing greatly from 45? will have found 
that such gears do not run properly and the running of the gears 
becomes worse as the spiral differs more from 45?. For such gears 
we recommend the following rule: 


Diride the number of teeth of the spiral gear by the product of the 
square of the cosine multiplied by the sine of the spiral angle. . 


№ = — Кыды in which N is the number of teeth of the 
Cos 17 x хіп І, 
selected gear cutter, and n is the number of teeth of the spiral gear. 
Taking the above case 
n 16 16 





Cos JT ~ sin ЗТ 2795642 x .60182 .6378 x .60182 ~ 
We should select a cutter suitable for cutting а gear with 41 teeth. 
The speed ratio of two spiral gears is, as with spur gears, the 

ratio of their numbers of teeth. For. instance, а 16-tooth gear 
driving а 32-tooth gear will cause this latter gear to run half as 
many revolutions per minute as the former. The center distance 
between two spiral gears, ах with spur gears, is equal to half the 
sum of their pitch diameters. 


Shafts Parallel. Computation of a pair of spiral gears which 
are 10 be used in place of spur gears. 

If we have two shafts, хау 5” apart, and wish to drive one from 
the other by means of spiral gears with a given gear ratio, and, if 
we desire to use standard gear cutters we should proceed as is shown 
in the following example: 


Continued on next page 
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The two gears shown in rig. 3. must have a ratio of 2 to 1; 
а center distance of 8", and in order to make them of the proper. 
strength the teeth must have about 5 pitch. Аз we want to use 
standard gear cutters, we will make the pitch exactly 5. 
\ а 
ташыш" 





Fig. 3 
А pair uf spiral gears оа parallel shafts to give а apsed ratio of 3 to 1. 


Number of Teeth and Spiral Angle. Taking the number 
of teeth in the small gear = n, and the number in the large gear = 
2n, and the spiral angle of the teeth in the small gear L, we have: 


Pitch diameter small gear = x s b and 





Pitch diameter large gear = TE because, in a pair of spiral 


gears with shafts parallel, the spiral angle is the same in both. 
The ашы of the pitch diameters of the gears is, therefore 
в sec L 2n sec L 
6 5 
and this sum equals double the center distance. 





Continued on next page 
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Therefore, 


> 

on . 
see |, - 16. 

5 


n 

-- вес 1, + 

5 
Multiplying both sides of this equation by 5, in order to simplify 
it, we get 


n sec + 2n ме 1, = 80. 


This is a very simple equation, but unfortunately there are two 
unknown quantities: ‘The number of teeth n, and the spiral angle 
L. However, there is one thing we know about n; it must be an 
INTEGRAL number. There is still another thing we know, and that ix 
that we would like the angle to be about 20 degrees, for this gives 
the maximum efficiency of the gear system. We will, therefore, 
try the equation by giving L the value of 20°: sec 20 - 1.0642, and 
therefore the equation 


n sec L à 2n sec 1, = 80 
becomes (n \ 1.0642) + (Зп ох 1 0642) ~ 80. 


3n x 1.0642 - 80. 

n x 3.1926 ~ 80. 
n ~ 25.055, 
2n - 50.116. 


Аз n must be an integral number, we will assume a value of п = 25, 
and therefore 2n ~ 50. 


Substituting in the above equation, we get 
25 x 1.0642 + 50 « 1.0612 = 79.815. 
> 


Since the second member of the equation should be 80 and not 
19. 815, it is evident that the assumed value of 20° (ог L, the spiral 
angle will not do, if we decide to use 25 and 50 teeth. In proceeding 
to find the correct angle, we will first determine whether the angle 
should be more or less than 20°. For trial, we will select 19° and 217. 
With 20° the value of the second member was too small. Therefore, 
it must be increased. Since our value is too small we will try a 
larger angle, 21°: 


sec 21 - 1.0711. Substituting this in our equation, we get 
25 x 1.0711 + 50x 1.0711 ~ 80 3325. 


Continued on next page 
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The value, using 20°, was .185 too small. Our new value іх (325 
too large. The correct angle іх, therefore, between 20° and 217, 
By trial, we find that 20°22’ (sec 20722" = 1.0667) gives их 
25 x 1.0667 + 50 x 1.0667 - 80.0025, or .0025 too large, 
and 20?21' (sec 20?21' - 1.066) gives us 
25 x 1.0666 + 50 x 1.0666 = 79.9950, or .005 too small. 
We will, therefore, choose as our value of L, 207217. Let us try 
this out and find what the new center distance between the gears 
will be. 
Since the gears aye 5 pitch and we have taken 2 x center distance 
for our second шетЪег of the equation, then the center distance is 
19.9950 
2x5 
which is .0005" short, which is close enough for all practical pur- 


poses.* Our gears, therefore, will have a spiral angle of 20°21’, 
the small one with 25 teeth and the large one with 50 teeth. 


= 1.99950 


Selecting the Cutter. Referring back to the rule given on 
page 77, we have for the small gear 
CP MEME OPERE ERR. MM 
cos? 20°21’ x sin 2092177 .93759° x .34775 
25 
= = 81, 
.8780 x .34775 


and for the large gear 


— I na I 
.93759: x .34775 .8780 x .34775 


Therefore, the cutters should be selected for 81 and 163 teeth 
respectively. 


* We have already decided that the center distance between the shafts 
on which these gears will work in our machine is 8". Were we to use an angle 
of 20* 22', our gears would have a center distance .00025" too large, and they 
would not go into place, or at least they would work too tight if all other dimen- 
sions were correct. We therefore choose 20° 21' which makes gears that are 
0005” small and will have just this much working clearance. This is satisfac- 
tory for ordinary work. If closer accuracy is required we must either change 
our center distance in the machine or continue trying by selecting angles read- 
ing in seconds until a satisfactory one is found. 


163 


Continued on next page 
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Computing the Lead. | Referring to - Fis. 2 We know 
angle 1, 2021'. However, we do not know the pitch cireum- 
ference. We must therefore first find the 


PITCH DIAMETERS 
LAC dn n 
Pitch diameter — р м sec L. 


Then for the small gear we have 
25 | 25 aus ји 
. xsee 20721" - 7 x 1.0666 = 3.3330, 
5 5 


and for the large gear 


50 50 i - 
vox see 20721! 70 x 1.0666 - 10.666 
о о 


Since the outside diameter equals the pitch diameter plus twice 
2 
the addendum, OD Рр 4 p therefore, 


outside diameter of small gear - 5.3330 + 7. - 5.7330"; 


CU ($ 


outside diameter of large gear - 10 6660 ; - 11.0660". 


C lo 


The PITCH CIRCUMFERENCES are: 
small gear 5.333 х 3.1416 = 16.754 
large gear 10.666 x 3.1416 – 33.508. 

pitch circumference a | 16.154 FE 16.154 215.17" 
Tangent 1, Tangent 20°21’ .37090 


for the small gear, and 2 x 45.17" = 90.34” for the large gear. 


Lead - 





We now proceed to select the change gears by following the 
instructions given in the chapter on Change Gears for Cutting 
Spirals. 


Our gears are as follows, shafts parallel: 


И RR EE = 5 
Number of teeth in small џеаг................ = 25. 
Number of teeth in large реаг................ - 50. 





82 UNIVERSAL MACHINISTS HANDBOOK 


Comparative Sizes 


of Gear Teeth 
INVOLUTE 







STRENGTH OF GEAR TEETH (Lewis) 


W = load transmitted in pounds (force at pitch s — safe working stress of material (Table I) 
line of gear) V = velocity in feet per minute 

p' = circular pitch We=sp' fy 

/ = face wy 

у = factor for different numbers and forms of Horsepower = ——-— 
teeth (Table II) 33000 

Table I—SAFE WORKING STRESS s Table II—VALUES OF FACTOR у FOR 

IN POUNDS PER SQUARE INCH LEWIS' FORMULA 


FOR DIFFERENT SPEEDS 


Value of Factor y Value of Factor y 









Speed of Teeth 
in Ft. Per Min. 












Cast Iron Involute |Involute Involute | Involute 


20° 15° 







































‚102 090 
.104 
.106 
.108 


Table Ш—АМЕНАСЕ VALUES FOR в 
IN POUNDS PER SQUARE INCH 





100 or less 8000 20000 
) 6000 15000 ; 
300 4800 12000 9:09. | 0:00 о 9s 
6 0.083 | 0.070 0. 0. 
300 4000 10000 | 
900 3000 7500 0.088 | 0.072 0. 0. 
1200 2400 6000 0.092 | 0.075 0. 0. 
1800 2000 5000 0.094 | 0.077 0. 0. 
2400 1700 4300 0.096 | 0.080 0. 0. 
0.098 | 0.083 0: 0. 
0.100 | 0.087 0. 0. 
0 0. 0. 
0 0. 0. 
0 0. 0. 
0 0. 0. 











Material Lewis’ Formula for the strength af gears originally read 


І А as above. The following revision by Barth provides а 
Мопелаєва Но. мм. sem sive sa oe 6000 practical means for calculating the Horsepower of material 











кооп Re Ау oo of any known static stress and velocity. 
2 Бани Че . id: Em E S = static stress of material (Table III). 
Е ; Case-hardened.... 25 3 
Steel | 30€ Natural. СІ 15000 600 Е + 
эс е» 5 20000 W = S p' fy ——— orsepower = — —- 
АОС Heat-treated .. 30000 PT бод + У 33000 





\ 
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MACHINE RACKS AND PINIONS 





| 
еее и НИ 
де а 
Kee и 











жілігі 












ЛА 









Раск 

ы , Circular..... ан ur ИЕ авто: на = С 
Pitch... тыкы а bb dp =3.1416+ C 
Thickness..... деді сананы Dye. Gehe kc ens ae Se d .. ЕТ 
АСЕН г ол Ву З хе танде зена ат оны й З А осо рд = М 
Length of Rack....... eee n = 5 
PO Sy) eee ee eee ЕР зат ката = 
Center of Pinion to Bottom of Rack.............. =A 


Pinion 


Number of Teeth......... 


А Circula. о «<> 
Pitch... еа ЛЕР 


Pitch Diameter........... 


о канава ee bet x 
Маќегіаї................. 


mum хо 


o 


*Number of teeth to each inch of Pitch Diameter. 


Use of Center Gauge 


The point of the cutter bit 
must be ground to an angle of 60? 
for cutting American National 
screw threads in the lathe, as 
shown in Fig. 1 atright. A cen- 
ter gauge having а 60? included 
angle is used for grinding the tool 





3 \ | 
Fig. 21. Cutter Bit for Cutting Screw 
Threads is Ground to 60° Center Gauge 


to the exact angle required. The top of 
the tool is usually ground flat, with no 


side rake or back rake. 
cutting threads in steel, 
sometimes used. 


However, for 
side rake is 
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RULES AND FORMULAS FOR HELICAL 
GEAR CALCULATIONS 


Іп the formulas, М, а, etc., are the 
numbers of teeth, spiral angle, etc., for 
either gear or pinion; the notation Wa, 
№, аа, ap, etc., refer to the teeth or 
angles in the pinion or gear, respectively, 





in a pair of gears a and b. 


























To Find Rule Formula 
Relation between The sum of the tooth angles of a | 
Shaft and Tooth pair of mating helical gears is equal у = да+аф 
Angles. to the shaft angle. 
Divide the number of teeth by the 
Pitch Diameter. product of the normal pitch and the Ж N 
cosine of the tooth angle. Pncos а 
x Add together the pitch diameters _DatDb 
Center Distance. of the two gears and divide by 2. e 2 
To prove the calculations for pitch 
diameters and center distance, mul- 
tiply the number of teeth in the first 
gear by the tangent of the tooth angle 
Checking Calcula- | of that gear, and add the number of Nb-4-(NaXtan 
tions in (2) and (3). teeth in the second gear to the prod- Qg)— 


uct; the sum should equal twice the 
product of the center distance multi- 
plied by the normal diametral pitch, 
multiplied by the sine of the tooth 


angle of the first gear. 


2CPnXsin 4а 





Number of Teeth 


Divide the number of teeth in the 





























for which to Select | gear by the cube of the cosine of the а N Үз > 
Cutter. tooth angle. cos а): 
Multiply the pitch diameter by 
Lead of Tooth 3.1416 times the cotangent of the tooth L-m-DXcot а. 
Helix. | angle. 
Addendum. | Divide 1 by the normal diametral sa-L 
pitch. Pn 
Whole Depth of | Divide 2.157 by the normal diam- W= 2.157 
Tooth. | etral pitch. Pn 
Normal Tooth | Divide 1.571 by the normal diam- Taz 1571 
Thickness at Pitch | etral pitch. Pn 
Outside Diam- Add twice the addendum to the O=D+2S 


eter. 


| pitch diameter. 


$02 


An Assortment of Milling Cutters and Arbors 











Milling a 
Keyway in a Shaft 





Woodruff 
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DESIGN OF WORM GEARING 


The uses and advantages of worm gearing have been thoroughly 


covered 








WIDTH of THREAD TOOL AT END 
LEAD 


LINEAR PITCH 
WORKING DEPTH blobs 


CLEARANCE- 
1125 ; 
= = NA 


žo == 
5 





Я Muni THGEADEO: 
LENGTH ec YYORM + 2С 


DouBLE THREAD 


















і 
а 
і 
2 
n 
ri 
a 









= S 


CENTER 0 


THROAT Di 






Пенни мо замка 


CALCULATION OF DIMENSIONS 


P —circular pitch of wheel and 
linear pitch of worm; 

1=1еад of worm; 

n number of teeth or threads in 
worm; 

S=addendum, or height of worm 
tooth above pitch line; 

d — pitch diameter of worm; 

D — pitch diameter of worm-wheel; 

o —outside diameter of worm; 

O —throat diameter of worm-wheel; 

O' =outside diameter of worm-wheel 
(to sharp corners); 


b — bottom or root diameter of worm; 
N=number of teeth in worm-wheel; 
W = whole depth of worm tooth; 

T = width of thread tool at end; 

а —face angle of worm-wheel; 


В —helix angle of worm and gashing 
angle of wheel; 


С = radius of curvature of worm-wheel 
throat; 


С —«distance between centers; 
x —threaded length of worm. 


RULES AND FORMULAE FOR WORM GEARING 





















































То Find Rule Formula 
Divide the lead by the number of 
threads.—It is understood that by the 
number of threads is meant, not number 1 
Linear Pitch. of threads per inch, but the number of Р=- 
threads in the whole worm—one, if it is n 
single-threaded, four, if it is quadruple- 
threaded, etc. 
сасады Multiply the linear pitch by 0.3183. | 5-0.3183Р 
Pitch Diameter Subtract twice the addendum from the d -o-2S 
of Worm. outside diameter. - 
, Р Multiply the number of teeth in the NP 
она ler wheel by the linear pitch of the worm, ----- 
йы апа divide the product by 3.1416. 3.1416 
Center Distance Add together the pitch diameter of D+d 
between Worm and | the worm and the pitch diameter of the ----- 
Gear. worm-wheel, and divide the sum by 2. 2 
Whole Depth of | Multiply the linear pitch by 0.6866. W = 0.6866P 
Bottom Diameter Subtract twice the whole depth of bso-2W 
of Worm. tooth from the outside diameter. 
Multiply the pitch diameter of the 3.1416d 
Helix Angle of worm by 3.1416, and divide the product cot = ——— 
Worm. by thelead;the quotient isthe cotangent 1 
of the helix angle of the worm. 
Width of Thread : ; ; T 20.31P 
Tool at End. Multiply the linear pitch by 0.31. 
; Add twice the addeadum of the 
pee Diameter worm tooth to the pitch diameter of O=D+2S 
9 ог Reels the worm-wheel. 


(Continuea on top or next page.) 
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RULES AND FORMULAE FOR WORM GEARING—Cont’d. 








Radius of Worm- 
wheel Throat. 


Subtract twice the addendum of 
the worm tooth from half the outside 
diameter of the worm. 





Diameter of 
Worm-wheel to 
Sharp Corners. 


Multiply the radius of curvature of 
the worm-wheel throat by the cosine 
of half the face angle, subtract this 
quantity from the radius of curvature, 
multiply the remainder by 2, and add 
the product to the throat diameter of 
the worm-wheel. 





Minimum Length 
of Worm for Com- 
plete Action. 


Subtract four times the addendum 
of the worm thread from the throat 
diameter of the wheel, square the 
remainder, and subtract the result from 
the square of the throat diameter of the 
wheel. The square root of the result 
us minimum length of worm advis- 
able. 


о 
0---25 
2 


o =2(U- их 
cos?) +0 





х= ү O-(0-4Sy 





Outside Diameter 


Add together the pitch diameter 








КЕ 





distance. 








of Worm. and twice the addendum. о=4+25 
; ; Subtract the pitch diameter of the 
г Роан worm-wheel from twice the center | d-2C—D 





——— 


Careful distinction must be made between the terms ''pitch" and “lead.” 


The term lead is defined as the distance which any one thread advances in one 
revolution of the worm, while the pitch, or, more correctly, the linear pitch, is the 
distance between the centers of two adjacent threads. 
equal for a single-threaded worm. For a double-threaded worm the lead is twice 
the linear pitch, and for a triple-threaded worm, three times the linear pitch. 


The lead and pitch are 


TABLE OF CUTTERS, PITCHES, GEARS AND ANGLES 
FOR TWIST 






























DRILLS 





й 5 є 4 
: ge | Fe | 5» | 88 | 98 
E zE 55 | 5 | а | 2% 
: 58 c= | 82 | 23 | 85 
a Е Бы Ф 
.06 .67 24 | 86 24 
.08 1.12 24 | 86 40 
11 1.67 24 | 64 32 
15 1.94 32 | 64 28 
| 9 2.92 24 64 56 
Г .23 3.24 40 48 28 
| 27 3.89 56 48 24 
31 4.17 40 72 48 
35 4.86 40 64 56 
39 5.33 48 40 32 
44 6.12 56 40 28 
.50 6.48 56 48 40 
.56 7.29 56 48 40 
.62 7.52 64 48 32 
ло 8.33 48 32 40 
7 8.95 86 48 28 
1 | ss | оз 56 40 48 


GEAR ON 
ScREW 





ANGLE OF 


SPIRAL 
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CHANGE GEARS FOR MILLING SPIRALS ON THE 
MILLING MACHINE 


The worm wheel in the universal indexing head of the milling machine has 40 teeth and the table feed 
screw usually has four threads per inch. It therefore requires 40 turns of the worm to rotate the spindle of 
the dividing head once, and it requires four turns of the feed screw to advance the milling machine table one 
inch. If gears of equal size were put on the feed screw and worm shafts and were geared directly (that is, 
simple, not compound, geared), 40 turns of the feed screw would cause one turn of the spindle and at the 
same time advance the table М X 40 = 10 inches, giving a spiral with a pitch of 10 inches. 





In calculations for spirals, we must have the ratio 


4 times pitch of spiral teeth in driven gear 
—————————- equal to арр ТТТ 
40 teeth in driving gear 


Expressed in the form of a proportion, this is, 4 X pitch of spiral : 40 :: teeth in driven gear : teeth in 
driving gear. For example: If a spiral pitch of 6 inches were required, 6 X 4 = 24, which is the number of 
revolutions the screw must make while the work rotates through one revolution. Then the ratio 


24 teeth in driven gear 


40 teeth in driving gear 
Put а 40-tooth gear on the feed screw and a 24-tooth gear on the worm shaft. 


COMPOUND GEARING 


It is best when possible to use the simple gearing. If, however, the ratio is such that one of the gears 
would be extremely large or small, then the gearing should be compounded. For example: Required pitch 
of spiral 3214 inches, 3244 X 4 = 130, or the revolutions of the screw per revolution of the work. 


130 No. teeth in driven gear 


40 No. teeth in driving gear 


As 130 would be a rather large gear, and probably not furnished with the machine, we can reduce the 
65 

ratio to —, but this would also give numbers of teeth not usually furnished. It would then be necessary to 
20 


130 10 13 
compound. Resolve the ratio — into factors — X —; as these numbers are too low, we can multiply both 
40 5 8 


numerator and. denominator by the same number, and we would have, for example, 

10 4 40 13 4 52 40 52 130 

— X — = — and — X — = — and as — X — = the ratio — we may use gears 40 and 52 as the 
5 4 20 8 4 32 20 32 40 

driven gears. Either 20 or 32 can be placed on the screw and the other will be the inside gear on the stud. 
Either the 40 or 52 can be put on the worm shaft and the other will be the outside gear on the stud. If any 
of the gears called for were not found in the regular set, the numbers could be changed by treating both 
numerator and denominator without changing the ratio. Thus, in the last problem, if the last set did not 
contain а gear tooth of 20 teeth, we could divide both numerator and denominator by а common factor and 

40 
multiply the results by some other number. Thus in the ratio — divide both by 5, giving — and multiply 
4 


48 
both by 6. This wouid give — which alters the numbers, but does not change the ratio. In this manner 
24 


it is usually possible to so manipulate the ratios that the exact or a very close approximation to the required 
pitch сап be obtained with the regular gears. 


INSTRUCTIONS ON WORM GEARS 


We show on the next page three worms. The first one is a single-threaded; the second one is a double- 
threaded; the third one is а triple-threaded. The word “lead” is assumed to mean the distance, which a 
given thread advances іп one revolution of the worm, while by “pitch,” or, more strictly, ''linear pitch,” 
we mean the distance between the centers of two adjacent threads. As may be clearly seen, the lead and 
linear pitch are equal for a single-threaded worm. For a double-threaded worm the lead is twice the linear 
pitch, and for a triple-threaded worm it is three times the linear pitch. It is understood, of course, that by 
the number of threads is meant, not the number of threads per inch, but the number of threads in the whole 
worm — one, if it is single-threaded; four, if it із quadruple-threaded, etc. 


The standard form of worm thread, measured, has the same dimensions as the standard form of involute 
rack tooth of the same linear or circular pitch. It is not of exactly the same shape, however, not being rounded 
at the top, nor provided with fillets. The tbread is cut with a straight-sided tool having а square flat end. 
The sides have an inclination with each other of 29 degrees, ог 1474 degrees with the center line. The 
following rules in the next table will give the dimensions of the teeth in various lincar pitches. 


Continued on next page 
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ІШІ 
ШІ 










SINGLE THREAD DOUBLE THREAD TRIPLE ТНРЕАО 
The above drawing shows the distinction between the terms lead and linear pitch as applied to worm 


gears. 
RULES FOR CALCULATING WORM GEARS 


No. 1 Rule. To find the lead of а worm, multiply the linear pitch by the number of threads. 


| 
|| 





No. 2 Rule. To find the linear pitch of a worm, divide the lead by the number of threads. 
No. 3 Rule. To find the whole depth of the worm tooth, multiply the linear pitch by 0.6866. 
No. 4 Rule. To find the width of the thread tool at the end, multiply the linear pitch by 0.31. 


No. 5 Rule. To find the addendum or height of worm tooth above the pitch line, multiply the linear 
pitch by 0.3183. 


No. 6 Rule. To find the outside diameter of the worm, add together the pitch diameter and twice the 
addendum. 


No. 7 Rule. To find the pitch diameter of the worm, subtract twice the addendum from the outside 
diameter. 


No. 8 Rule. To find the bottom diameter of the worm, subtract twice the whole depth of tooth from the 
outside diameter. 


No. 9 Rule. To find the helix angle of the worm and the gashing angle and the worm wheel tooth, 
multiply the pitch diameter of the worm by 3.1416, and divide the product by the lead; the quotient is the 
cotangent of the tooth angle of the worm 


No. 10 Rule. To find the pitch diameter of the worm wheel, multiply the number of teeth in the wheel 
by the linear pitch of the worm, and divide the product by 3.1416. 


No. 11 Rule. To find the throat diameter of the worm wheel, add twice the addendum of the worm 
tooth to the pitch diameter of the worm wheel. 


No. 12 Rule. To find the radius of curvature of the worm wheel throat, subtract twice the addendum 
of the worm tooth from the outside diameter of the worm. 


No. 13 Rule. To find the diameter of the worm wheel to sharp corners, multiply the throat radius by 
the cosine of the half the face angle, subtract this quantity from the throat radius, multiply the remainder 
by 2, and add the product to the throat diameter of the worm wheel. 


No. 14 Rule. To find the velocity ratio of а worm and worm wheel, divide the number of teeth in the 
wheel by the number of threads in the worm. 


No 15 Rule To find the distance between the center of the worm wheel and the center of the worm, 
add together the pitch diameter of the worm and the pitch diameter of the worm wheel, and divide the 
sum by 2 


No 16 Rule To find the pitch diameter of the worms, subtract the pitch diameter of the worm wheel 
from twice the center distance 


No. 17 Rule. To find the minimum length of worms for complete action with the worm wheel, subtract 
'four times the addendum of the worm thread from the throat diameter of the wheel, square the remainder, 
and subtract the result from the square of the throat diameter of the wheel. The square root of the result 
is the minimum length of worm advisable. 


No. 18 Rule. The length of the worms should ordinarily be longer than the dimension thus found. 
Hobs, particularly, should be long enough for the largest wheels they are ever likely to be called upon to cut. 


No. 19 Rule. The throat diameter of the wheel and the center distance may have to be altered in some 
cases from the figures given by the preceding rules If worm wheels with small numbers of teeth are made 
to the dimensions given, it will be found that the flanks of the teeth will be partly cut away by the tops 
of the hob teeth, so that the full bearing area is not available. The matter becomes serious when there are 
less than 25 teeth in the worm wheel There аге two ways of avoiding the difficulty. One of them is to 
increase the included angle of the sides of the thread tool. This departure from standard form, however, 
may be avoided by an increase in the throat diameter of the wheel, and consequently in the center distance 
On the other hand, some designers claim to get better results in efficiency and durability by making the 
throat diameter of the worm wheel smaller than standard, where it is possible to do so without too much 
under cutting. 
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WORMS AND WORM GEARS 


и 
NS 


9 





Pitch (Сисшаг).............. =C (Distance from center to center 
FACE коек ола рана з =F of teeth.) 
ШӨ о er oe teas ты =B Lead (Advance in one revolu- 
s h tion.) 
Pitch D ег ось -D 
S meer s Pitch Diameter, „сезоне =d 
Length through Hub......... =L 3 | Я 
ое Outside Diameter............. =d 
Projection from Center....... =M 
22 Вебе о аре н ТҮ =b 
сума as з бік вео wos не зақ ун KS А 
А НЕБЕ аеннан ee ples Жақа =f 
Material у os aem Projecti f Hub ш 
Right or Left Напа.......... појео Нор МВ еа x ones ae =й 
Кеутау%ұ:есі енен: еб =Кз 
Ма еа ssr заз+яшб теве да 
Right or Left Hand........... 
Distance between Сепїегз.................... =А 


Table of Observed Tooth Dimensions for Spiral Gears 


ne ои Width of Tooth at а Depth of Inches 
etting, Degrees 
[> [sem | о | о | ол» [ою | es | 
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HERRINGBONE GEARS 
DRIVEN IF 














DRIVER 











GEAR PINION 
Circular Pitch „шел ma = Pc Circular Bitches орі aed из = Pc 
(Circumferential) ' (Circumferential) 
Normal Circular Pitch..... = Pn Normal Circular Pitch..... = Pn 
Pitch Diameter.......... =D Pitch Diameter.......... =d 
Outside Diameter........ = О Outside Diameter........ = о 
Center Distance.......... = С Center Distance.......... = С 
IN0.:/08 “Геб g pirea rei = N No. of Теећћ,, а ос: века: =n 
Басен з сот 3 іа ved srt = Е HACE sos ws evs ad bah Pee ығы =F 
Length of Hub........... = L Length of Hub .......... =1 
BOLD ван кш ынк re ud Ecc: gus = В о Вина = Ь 
СӨ? БОВЕ is, се кзз» ур» з жн = KS ДОМОВЕ. 2. „анон жь киа = Кз 
Helix Angle =30° оп all gears and pinions. 
АП Herringbone gears are figured on the basis of Diametrical pitch. 
Diametrical pitch — 3.1416 divided by the circular pitch. 
Allowance Tables for Bores of Gears 
RUNNING FIT ALLOWANCE DRIVE FIT ALLOWANCE 
Inches Inches Inches Inches 
и . 0040 
м ‚0045 
% :0050 
1 .0055 
114 .0060 
2 .0065 
3 .0075 
4 .0085 
o .0095 
6 
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Module System Translation 


FORMULAS 

Module is the Pitch diameter in m/m divided by number of teeth 
in the gear. . 

Or, the outside diameter in m/m divided by the number of teeth 
in gear plus 2. 

То find circular pitch in millimeters from Module multiply 3.142 
m/m by the number of module .'. 2 module X 3.142 m/m = 
6.284 m/m. 

To find circular pitch in inches from the circular pitch in m/m, 
multiply the number of m/m by .03937" .’ . 6.284 m/m X .03937 
== 2474". 

To find diametral pitch from circular pitch in inches, divide 3.1416 
by the circular pitch in inches .’ . 3.1416——-.2474" —12.6999 diametral 




















































































































itch. 
ы MODULE—TABLE ОЕ TOOTH PARTS 
= Е Е Pi 
= | a » Е М d 
& је elg le |, А |S IEE ЈЕ це 
eg | Sg Eig Зм Se | Зе ев Зав Зо 25 
BS | eS лш) 55 | Бу | Е5|585755|885| 825) DB 
ЗЕ | ВЕ ESSE] ЗЕ| ЗЕ | БЕ| 68| SER[SSR SHE! 58 
= о ек |< |A |5 |Зз |85 [Ba |Е | яв 
М |Рс | t + | "а | б аа |Н | T | T) Pd 
.50| 1.57| .78| .50| .58| .08| 1 | 1.08| .48| .52|50.800 
.75| 2.36| 1.18| .75| .87| .12| 1.50| 1.62| .73| .78|33.866 
1 | 3.14| 1.57| 1 1.16| .16|2 [2.16] .97| 1.05|25.400 
1.25| 3.93| 1.96| 1:25| 1.45| .20| 2.50| 2.70] 1.21| 1.31/20.320 
1.50| 4.71] 2.36| 1.50] 1.73| .23| 3 3.23| 1.46| 1.57116.933 
__1.75| 5.50] 2.75| 1.75| 2.02| .27| 3.50| 3.77| 1.70| 1.84|14.514 
2 ]6.28| 3.14| 2 2.31| .31| 4 4.31| 1.94| 2.10]12.700 
2.25| 7.07| 3,53| 2.25| 2.60| .35| 4.50] 4.85| 2.19| 2.37|11.288 
2.50| 7.85| 3.93| 2.50| 2.89[ .39| 5 5.39| 2.43| 2.63|10.160 
2.75] 8.64| 4.32| 2.75| 3.18| .43| 5.50] 5.93| 2.68| 2.89| 9.236 
3 | 9.421 4.71] 3 3.47| .47| 6 | 6.47| 2.92|.3.15| 8.466 
3.50[10.99] 5.50] 3.50] 4.05| .55| 7 7.55| 3.40| 3.68| 7.257 
4 [12.57] 6.28| 4 4.63| .63| 8 | 8.63] 3.89| 4.20| 6.350 
4.50|14.14| 7.07| 4.50| 5.21| .71| 9 9.71| 4.38| 4.73| 5.644 
5 [15.71 7.85| 5 | 5.78| .78|10 |10.78| 4.87] 5.26| 5.080 
5.50|17.28| 8.64| 5.50| 6.36| .86|11 |11.86| 5.35| 5.79| 4.618 
6  |18.85| 9.42| 6 6.94| 9412 | |12.94| 5.84| 6.31| 4.233 
7  |21.99(10.99| 7 _ | 8.10(1.10|14 |15.10| 6.81| 7.36| 3.628 
8 |25.13[12.57 8 | 9.26|1.26/16  |17.26| 7.79| 8.42| 3.175 
9  |28.27|14.14| 9 |10.41|1.41|]18 |19.41| 8.76| 9.47| 2.822 
10 131.42|15.7110  |11.57]1.57|20 |21.57| 9.73|10.52| 2.540 
11 134.56|17.2811  [12.73|1.73|22 |23.73|10.71111.57! 2.309 
12 1|37.70|18.85|12: 1|13.88|1.88|24 |25.88|11.68|12.63| 2.116 
14 |43.98|21.99|14 - |16.2012.20|28 1|30.20|13.63|14.73| 1.814 
16  |50.26|25.13|16  |18.51|2.51|32 134.51|15.58|16.83| 1.587 





The dividing head construction is 
based on the principle of interchangeable 
gears, the same as regularly used on gear 
cutting machines. The index plate shows 
the proper gears to use for divisions from 
2 to 360. 


Lathe 
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Formulas for Determining the Dimensions 
of Gears by Metric Pitch 


Module is the pitch diameter in millimeters divided by the number 
of teeth in the gear. 
Pitch diameter in millimeters is the Module multiplied by the number 
of teeth in the = 
р", 
М = NNF? 2 p Module 


D’ = N M = The pitch diameter of gear in millimeters 
D = (N + 2) M = The whole diameter of gear in millimeters 


N = pror — 2 — The number of teeth in gear 


D’’= 2M = The working depth of teeth 
t =`М 1.5708 = Thickness of teeth on pitch line 


f -M 1.5708 


10 = .157 М = Amount added to depth for clearance 


The Module is equal to the 
part marked "3" in cut oppo- 
site, measured in millimeters 
and parts of millimeters. 


Pitches Commonly Used 
Module in Millimeters 


' ni а Module, Na ^o M Module, Corresponding 
Diametral Pitch | ™/™ | Diametral Pitch | ™/™ | Diametral Pitch 




















0. 
T. 
1. 
1. 
ДЕ 
2, 
2: 
2: 
FOOTE BROS. TABLE OF WORKING STRESSES USED FOR 
THE STRENGTH OF WORM GEARS 
Du | ж Velocity 8 im pounds per 34. in. 
Min. -V 600+V Cast Iron Phosphor Bronze 
0 1.000 5300 8000 
100 ‚857 4550 6800 
200 .750 4000 6000 
300 .666 3550 5350 
450 :571 3000 4500 


600 4 2650 4000 
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INTERNAL GEARS 





Е-Ьеі 








PINION 
Number of Teeth. ........ - Number of Teeth......... = 
А Circular........ = С : Circular....... = с 
А... Е а Те? = % Pitch... irae T = * 
Pitch Diameter........... = Р Pitch Diameter.......... - p 
Rim Diameter............ = D Outside Diameter........ = е 
Inside Diameter. ......... = E Mace: са у ейенен -f 
Васе о ao ова eats = Е Воена уе ве = b 
Магтепа!................. = Кеумау................. ж ks 
КАКЕ диван Ей = Material................ = 
Distance between Сепбег5......................... = А 


When ordering, Internal Gears are the same as spur gears in regards to the 
number of teeth and pitch on pitch line. But you subtract two addendums or 
two teeth in place of adding as on spur gears for inside diameter. 


Distance from end of teeth to plate or webb varies according to pitch and size 
of gear, from М to 1 inch. 


*Number of teeth to each inch of pitch diameter. 


STRENGTH OF INTERNAL GEARS 


In designing internal gears with which pinions or idlers are used, it is not 
necessary to calculate the strength of the internal gear or H. P. capacity because 
the pinion is always the weakest member if the two gears are made of the same 
material. This is due to the fact that the torque arm or lever of the internal 
gear is longer than the torque arm of the pinion and consequently the load on the 
teeth of the internal gear is less than on the pinion. 


For theoretical purposes the strength of internal gear teeth can be calculated 
in approximately the same manner as ordinary external spur gears or racks. 


It will be found that the strength of the internal gear tooth is greater than a 
rack tooth of the same pitch, pressure angle and depth of tooth. also that the 
strength increases as the number of teeth decreases. With an external gear the 
reverse is just the case, the tooth becomes weaker as teeth decrease in number. 


The larger the number of teeth the more closely the internal gear tooth ap- 
proaches that of a rack tooth consequently decreasing the strength. 
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DIAMETRAL AND CIRCULAR PITCH OF GEARS 


Cireular Cireular || Cireular Circular 
Pitch, Pitch, Pitch, Pitch, 
Inches Inches Inches Inches 


Q3 Q2 Q2 соу tà № М КО КО КО КО КО I I He 





. SHOWING DEPTH OF SPACE AND THICKNESS OF 
TOOTH IN SPUR GEARS CUT WITH B. & S. 
MFGS. CUTTER 


Thickness Thickness 

Pitch of Depth to be | of Tooth at Pitch of Depth to be | of Tooth at 

Cutter Cut in Gear, | Pitch Line, Cutter Cut in Gear, | Pitch Line, 
Inches Inches Inches Inches 





Rules for Obtaining Ratio of the Gears Necessary to Cut a 
Given Spiral. Note the ratio of the required lead to 10. This ratio 
is the compound ratio of the driven to the driving gears. Example: 
If the lead of required spiral is 12 inches, 12 to 10 will be the ratio of 
the gears. 


Or, divide the required lead by 10 and note the ratio between the 
quotient and 1. This ratio is usually the most simple form of the 
compound ratio of the driven to the driving gears. Example: If the 

required lead is 40 inches, the quotient is 40 + 10 and the ratio 4 to 1. 
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TABLE FOR BLOCK OR MULTIPLE INDEXING 


Ори Сл їл Ох 


Сл со Ф сл ot 
МУ МО МО КО О ВУ БУКУ УК 19591296919 





VUNNA HALAL кр рек (нена на нь ОО 0 Нана на ба бе 


— 
NON TRON WNONO НСл Сл ДО О Сл ДСЛ 


4 
3 
2 
3 
3 
1 
3 
3 
4 
3 
4 
5 
5 
5 
5 
3 
5 
5 
5 
5 
7 
5 
5 
5 
5 
7 
4 
5 
5 
4 
5 
4 
5 
7 


МО У КУ КО b2Obt2b2b2bo О КУ БОК КО КУ КУ КУ 52 


о м мао 





BRICKWORK 


Brickwork is estimated by the thousand, and of various thicknesses of wall, runs 
as follows: 


814 inch Wall, or 1 Brick in thickness, 14 Bricks per superficial foot 
1234 inch Wall, or 114 Brick in thickness, 21 Bricks per superficial foot 
17 inch Wall,or2 Brick in thickness, 28 Bricks per superficial foot 
2126 inch Wall, ог 214 Brick in thickness, 35 Bricks per superficial foot 


An ordinary Brick measures about 814 x 4 x 2 inches, which is equal to 66 cubic inches 
or 26.2 Bricks to a cubic foot. The average weight is 414 lbs. 
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ANGLES TO SET INDEX HEAD OF MILLING MACHINE 
WHEN CUTTING CLUTCHES WITH ANGULAR CUTTERS 


Angle of Cutter | Noo Angle of Cutter 
во» | 70° | 80° jTeth| 60° | 70° | 80° 
| 82? 12' 84° 9’ ' | 88° 13' 


77° 52' | 84° 9 84° 30' | 86° 31' 
79° 54' | 85° 10' 84° 46' | 86° 42° 
51° 20 | 85° 48" | 85° 1 | 86° 5r 
82° 23’ | 86° 19’ 85° 13' | 87° 00’ | 88° 33" 
53° 13’ | 86° 43 || 85° 27’ | 8T 8' 


———. 


83° 54’ | 87° 4’ 85° 38” | 87° 15" 
84° 24’ | 87° 18’ 85° 49’ | 87° 22’ 


84° 51’ | 87° 30’ 85° 59’ | 87° 28’ 
82° 26’ | 85^ 12’ | 87° 42 86° 871 87° 34’ 
82° 57’ | 85° 34’ | 87° 51’ 86° 16" | 87° 39’ | 88° 52’ 


83° 24’ | 85° 51’ | 87° 59’ 86° 24’ | 87° 44’ | 88° 54’ 


6’ | 88° 7 86° 31’ | 87° 48’ 








TABLE FOR OBTAINING SET-OVER FOR CUTTING BEVEL GEARS 


Ratio of Apex Distance to Width of Face— Face 
pex 


3% | 3% 4% | 4% 


1 
2 
3 
4 
5 
6 
7 
8 





TO SHARPEN REAMERS. 


НАмр REAMERS, when dull through wear, should be stoned first on 
the face of the flutes then on top of the flutes. The stone should 
always be held perfectly flat with the face and clearance that the crigi- 
nal shape of the flutes may be preserved. 

Tue Norton Co. make a Stone which is adapted for the purpose, 
and gives quicker results than any oil stone. The stone should be 
kept clean the изе of turpentine. 

Enp Сотимс КкАмЕйз should be first ground on centres with a 
wheel and then recleared to insure reaming a hole the same size of 

eamer. 


97 





UNIVERSAL MACHINISTS HANDBOOK 


m 


{8b | i 817116 
208 IH : 6I|ivI:6 
#25 #29 192 |: %92102|%61 201 

3 1 1121191 II 
ест тт 


4 ғ ғ г 
oX LS —3NIHOVIN 9NLTIIW лу$нзлїнп 30 3100VS 135 з | Я : 62). 81 tcI 


pru 


cmm 


к 2 ғ 
33u93d нзінупО LS3YV3N OL злому озшіпозн 4 ТСС тбт ТЕТ 
о они тезе М 3 4 20212 | 
ове NYNL змо O1 S3HONI NI аузл | 4 202 102 TI 
82:12 


him петим но ‘77199 'u31109 зо налазима 
37891 40 3SN SNILVHISO TII 314WVX3 ) 2 
| | | | tu 67| Ест 


ESE 726192 


Е 
[4 [4 








mn 


ФО Ф Ф 0 00 ~ ~ О О О и и и + 





== 








mienia 





























т 5 Y и 1 Y геј + H 22! Y А кү! 
48S, 18 „15 4S Я 4 авіа tela te и |„еб алате ate! ae „кит al а 
| 

















| 








ти HO "піна ‘H3LLND зо ызізиміа 





001$ NO HV39 151 X M3HOS МО НУЗӘ NYNL змо OL Ағу 2224 


апл8 МО Hy39 ONZ X WHOM NO нузо x oy S3HONI МІ аузл эні 9 9 
луніа5 30 339NV 30 LNSONVL—L 
NYNL JNO OL S3HONI NI QV31 1 
TUW но "піна 'YILLNO зо зоманааипоно - 0 





NYNL змо OL 
S3HON| NI ауз1 





M3HOS NO нузӘ 
WHOM NO HV35 





GALS мо нузђ ANZ 


001 98 ZZ %9 96 Bb РЬ Ob ZE 82 (2) *Z NYNL змо oL S3HONI NI аузл 
SNIHOVW ним O3HSINHOJ SHV39 NI H1331 30 “SON пим но "Піна 'u311n9 зо зомаизаипон!о 





1VHldS 30 319NV 30 1N39NVI 











51УНІ45 DNILLND чод S319NV 3ilViWiXOHddV до 318V.L 


Continued on next page 


UNIVERSAL MACHINISTS HANDBOOK 


98 








EZE 
6543 
,9€ 
ELE 
16€ 
ilv 

е? 
Had 
19% 
18Р 
„08 
15 














206 

ze 
tee 
ісе 

16 
286 
сор 
42 
„РР 
eSP, 
54% 
16% 
„IS 
EZS 





182 
162 
FIE 
EZE 
tpe 
19€ 
ЕДЕ 
266 


Ве 


„ЕР 
[344 
tor 
18v 

os 


іне 


161 | 
202 
512 
тег 
2Р2 
tSc 
142 
282 
10€ 
FIE 
ife 


се! 
206% 


18€ 
ОР 


Ут 
ТЕРТ 


tSv 


збу € 
*8Р т 
108 4 
129, 


#2122 тос {вт {от эт 
iSc 162512 
%92%%2%22 
82| 92 bz 
беда 192 
1ТЕ 6292 


ЛЫН 
ИНИ 
26172 
*02|@81 


@2|161% 
18211021 


{hZ|E1Z 
ESZ| #2 
142|1%2 


28211521 





[г | ж 
Y [4 T 
а? ИЕ ит ит „© 





























TIN HO 'тина 'ualiino зо uaiawvig 





0715 NO HV39 261 X МЗН08 NO НУЗӘ мнп1 ЭМО OL 


904$ мб'нуза ONZ X WHOM NO нузо хог  S3HONI NI сузл зна 





001 98 ZZ v9 99 8% Фр Ot сє 82 (2)ғ2 
3NIHOVMW ним азнашнпз SHV39 NI H1331 30 “SON 


| 
y 
uel 


Zal 
410 








at 














EREE 


esie ciet alse 
© r- r- o 'O О 10 иу 


eee s 


© 00 ~ ~ г О 2 10 10 10 H PE 


сој ја нови esit 
езі IO eie etit 


ee 
i eit 


јез 


а 
ҰЛЫП ТЫЛ САТА АТА аталы Талда и 


стална 


соја нео еа aia 


СО СЕТ] 
- О О из 10 из 10 «f «f! vf со 00 со со 
экенн 


eo wen i eit eim 


eim 


eene eie eiut 


© ОГУ P» iQ O iO 10 10 10 У Ч со со со со 00 саса са саса 
Қ со со 00 о 00 СЧ СЧ СЧ OO СҶ СЧ ч ч чч чнч 


Cole eie со eii eto са 


= 


| 
| 





= 
~ 
mio 

















TIW но "Піна "ua1ino зо зомазчзанпонч!о 


i 


9^! 


4 


aes 


9 


"IVHIdS 30 319NV 30 1N39NV1—1 
NYNL ЗМО OL S3HONI NI QV31—71 
тим но “ллїна 'u31109 зо зоманзампоніо--о 


NYNL змо 01 SIHONI NI OV31 


--ПУНІ45 30 319NV 30 1N39NV1 





2112 
#Єб`б1 
044781 
LL9°LT 
00579Т 
9SS'SI 
6S9'vI 
09Z'€T 
296'21 
84VZI 
4911 
054'01 
IOT'OI 
%2<6 
65678 
007'8 
0267, 
cvv A 
000'4 
84479 
TAT’ 
vIS'S 
£4vV'S 
есеге 


муп змо OL 
S3HON| NI аузу 


51УНІа5 ONILLOO чод 5алому 3L4VWiXOHddV 30 318У1 





M3HOS NO нуз5 





901$ NO нузэ ANZ 





апїс NO HV35 15), 





УВО NO HV3D5 





Continued on next page 


99 


UNIVERSAL MACHINISTS HANDBOOK 











E 
січ 


Anonrroown 


са 


ОО согу г-ро О О из ч 


i ee 
e 
el 

TI 


тб 


на 
на 
сіння 
Co] ee etm 
ече iex ees IN 


HI 
ell 
га 
£I 
ter 
H4! 
TST 
211291 ТЄТТ@Т 
и t ‚ЕТ 
2611282 1 ТЕТ 
©0@|Е61 ОТЕТ 2043 
$12502 і Бет eT ЕСТ |1 
$2] 22 ESTIELT|FOT/EST|t 
А EST|ELI/F9O1 
tsc|ivc қ 181 121 
47) 92 261|281 ЕСТ 
582142 : 12:61 501 
.06|г82 92|762| 22 1021 241101 
МЕ 10€ Т Я TEZ #12 102 z8I „1 у 
НЕ 62: НЫ feni сат ЕТ 
I I t 1 т $ 


ғ 2 ¥ + © у 
4S nbat ella TETE] а Є (р є Сі тс 4€ sl 


e 


o eimi 
eot edes сы іса чча 


rica сз ei en coit nica int 
olei eet et 


© О Ф Ф 00 00 ~ ~ О Ошо из из 10 «f «f «f со со со 


4 4 


тсз очсо ч сој че Соч nica 


i edm 


S 
Со {са качка 


7 EEDE] 
= о Сл СА 00 00 ~ ~ О 
Co enim 
“<> Ф 0000 ~ ~ О О О из 
= 
саш 
Co e| mtem 
COA свіч eni eie eie em eit ја 


КЕБЕ] 


- 
9 а © © Ф О 00 00 ~ ~ O OONN HH Y 


„ч 


m 
- 
- 
mie enit eet ien 


еу Чч С О Ф Ф 00 0г- ОО 
= 
LE IIE ТО АТА ТОЈ 
ее is 
Стата 
очна IO e| t eint 


чч 
түт езе часа. 
EI 
m 
ie пио im 
PIN ei een а ei 
езіне 
eite ees 
Coe ei eit in 
Саба а eit eit 

cole eoi eios са уса ee n tint 


I јез аня 


сн 
єч 


m 
соксо ча ie їч itm 


p 
C2) eoi niei exi I e et nit im 


mie 
Ет 
eI ч 
сю са сч С СЧ са ссання А ыты ч 


ч со 
= 


en 
DI 


maniania i nies 
о d 
ej 


м x XP ч СЕ со сб) 00 00) СЧ СЧ СЧ СЧ NNN m mmm 


rit een eot eim enit 


N 6364,4 о O Ө О (00 E ОО 10 мо чо 


сте 


1 
|| 
1 
1 
I 


2 
I 
14 
Т 
T 
€ 
2 
I 
nA 
I 


ФО Ф Ф 00 00 r- ~ О О O 10 10 10 H H HENN со со са 





Ne 
M mM 


CDE сочи i са at mime nim 


сї сїз EE EE я я 


ДА eid tm enim elm etit sic 


© Ф 00 согу Г- О О OQ 10 из иу «P WF со со со со со са сї СЧ 


IN eie eii 


De OQ SO 10 из 10 sf ХЕ ХЕ 4 со со со со су са са сї сї NNN e +з 


TERI 
P 
enit ei eom 
С Utm 
MB со) сб © © 00) СЧ СЧ СЧ СЧ СЧ СЧ СЧ mA mnn 


ONNIN + ++ со с у СҶ СЧ сї СЧ СЧ СЧ СЧ Od m m ч ч 


+ 

я 

с 

"я 
NECESITE] 


00 r- E» iO iQ 10 10 10 55 sf WEE со) со) со 00 00 су са сч СЧ СЧ С С 
































= 
~ 



































ти HO тина ‘H3LLND зо H313WVIg 





0718 NO НУЗ9 151 X МЗН08 NO'YWSD NYNL ЭМО OL 27 


9004$ мо нуз9 анг X WHOM NO нузо хо: 5ЗНОМІ NI УЗ BHL 9 
7VHIdS 30 319NV JO 1МЗӘМУ1--1 
NUNL змо OL S3HONI МІ аузл= 
ллий но ‘тла 'u31109 зо зомзизашпоно—9 


001 98 ZZ %9 99 8b tb Ob ZE ве (2*2 мнп1 змо OL S3H2NI мі дузп 
3NIHOVW ним азнатнпа SHV39 NI H1331 30 “SON тли но "Піна 'Y3LLND 30 зомзназипом!о 











—"VHIdS 30 319NV 30 1N39NVL 





S'IVHIdS DNILLND НОЗ S3175NV dilViWWiXOHddV зо 3'18V. 


муп змо OL 
S3HON| NI ауз1 





мзаноб NO нузӘ 


апіѕЅ мо нуз® аме 








anis NO нуз9 15) 





WHOM NO HV35 





100 UNIVERSAL MACHINISTS HANDBOOK 





Double Compounding of Gearing, or the Use of Six Change 
Gears. In milling machine work, it is often necessary to obtain 
longer or more accurate leads than are possible by the use of four 
change gears. "Therefore, the table of gear ratios on the opposite 
page is given to supplement the ordinary table of leads and permit 
the quick selection of the other two change gears. 


The table of gear ratios is based upon the change gears furnished 
with Brown & Sharpe Universal Milling Machines. These change 
gears are as follows: 24 (2), 28, 32, 40, 44, 48, 56, 64, 72, 86, 100. 
Occasionally in determining the most accurate lead, the proper change 
gears will necessitate the use of two gears with the same number of 
teeth. Inasmuch as there are no two gears with the same number of 
teeth (with the exception of two gears with 24 teeth) it will be necessary 
to employ the next nearest gear ratio, resulting in a lead very close 
to the one desired. 


Determining the Proper Change Gears to Use when Six 
Change Gears are Necessary. 


Example: To find the proper change gears for gashing a hob with 
a lead of 167.5". 


Referring to the Table of Leads we find that 149.31" is the longest 
obtainable with four regular change gears. Assuming that a greater 
degree of accuracy is desired, divide the lead desired (167.5) by the 
decimal equivalent 4.1667 given in the table on the opposite page 
and we have 40.1997". The decimal equivalent 4.1667 is taken, as 
it corresponds to the first gear ratio (100 : 24) given for lead 149.31" 
in the table of leads. The nearest lead to 40.1997 (which was found 
above) listed in the table of leads is 40.18". Inasmuch as two 100 
tooth gears are required to obtain this lead, it is necessary to try the 
next gear ratio. 


Dividing 167.5 by 3.5833 (the decimal equivalent of the next ratio), 
we have- 46.7446. Referring to the Table of Leads it will be found 
А 64 56 

that the nearest lead is 46.67, for which the change gears аге 54 апа 35 
Adding the two gears from the Table of Ratios and to the driven 
gears the constant 10 (which is the constant of the lead of the ma- 


chine), we have 


64 x 56 x 86 X 10 


= ‚2222 
24 X 32 X 24 d 


Continued 
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Thus the six change gears 64, 24, 56, 32, 86 and 24 will give a lead 
of 167.2222. The error of lead .2778” or the difference between the 
lead desired and the lead obtained is for this length of lead prac- 
tieally negligible and is considered near enough for all practical 
purposes. 


TABLE OF RATIOS OF TWO GEARS WITH THEIR DECIMAL EQUIVALENTS 





































































































































































































RATIO DEC. EQUIV. RATIO DEC. EQUIV. RATIO DEC. EQUIV. 
100:24 4.1667 .3889 28:40 
86:24 3.5833 3750 44:64 
100:28 3.5714 48:72 
100:32 3.1250 32:48 
86:28 3.0714 56:86 
72:24 3.0000 64:100 
86:32 2.6875 28:44 
64:24 2.6667 40:64 
72:28 2: 44:72 
100:40 2. 24:40 
56:24 a 28:48 . 5833 
64:28 25 32:56 5714 
100:44 25 56:100 5600 
72:32 o. | 48:86 .5581 
86:40 2 40:72 .5556 
100:48 2.0833 24:44. „5455 
48:24 2.0000 44:86 ‚5116 
56:25 2.0000 . 5000 
64:32 2.0000 d$ 
86:44 I.9545 49) 
44:2 1.5333 
72:40 1.8000 
86:48 1.7917 
100:56 1.7857 
56:32 1.7500 
48:28 ї 2143 
40:24 1.6667 
Г 72:44 1.6364 
1.6000 
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INDEX MOVEMENTS OF SPIRAL HEAD 
FOR 


LONGITUDINAL GRADUATING ON A MILLING MACHINE 





























МОМЕМЕМТ | 2 а Movement| @ а Movement] 4 d Movement] @ d 
ОЕ 2 c ОЕ o c ОЕ o c ОЕ 5 c 
TABLE I о TABLE I о TABLE I о TABLE т б 
.0001275 1 | 49 | .0006377 5 | 49 || .0011479 9 | 49 || .0016447 5,19 
.0001330 1 | 47 || .0006410 4 | 39 || .0011574 5 | 27 || .0016581 | 13 | 49 
0001454 1 | 43 || .0006465 3 | 29 || .0011628 8 | 43 || .0016666 4 | 15 
.0001524 1 | 41 || .0006579 2 | 19 || .0011718 3 | 16 || .0016768 | 11 | 41 
.0001603 1 | 39 || .0006649 5 | 47 || .0011824 7 | 37 || .0016892 | 10 | 37 
.0001689 1 | 37 || .0006757 4 | 37 || .0011905 4 | 21 || .0017045 9 | 33 
.0001894 1 | 33 || .0006944 3127 | .0011968 9 | 47 || .0017241 8 | 29 
.0002016 1|31 || .0006944 2 | 18 || .0012096 6 | 31 || .0017288 | 13 | 47 
.0002155 1 | 29 || .0007268 5 | 43 || .0012195 8 | 41 || .0017361 5 | 18 
.0002315 1 | 27 || .0007353 2 | 17 || .0012500 4 | 20 || .0017442 | 12 43 
.0002551 2 | 49 || .0007576 4 | 33 || .0012500 3 | 15 || .0017628 | 11 | 39 
.0002660 2 | 47 || .0007622 5 | 41 || .0012755 | 10 | 49 || .0017857 6 | 21 
„0002717 1 | 23 || .0007653 6 | 49 || .0012820 8 | 39 || .0017857 | 14 | 49 
.0002907 2 | 43 || .0007813 2 | 16 || .0012930 6 | 29 || .0018144 9131 
.0002976 1 | 21 || .0007979 | 6 | 47 || .0013081 9.| 43 || .0018292 | 12 | 41 
9003049 2 | 41 || .0008012 5 | 39 || .0013158 4 | 19 || .0018382 5 | 17 
.0003125 1 | 20 || .0008064 4 | 31 || .0013257 7 | 33 || .0018518 8 | 27 
„0003205 2 | 39 || .0008152 3 | 23 || .0013298 | 10 | 47 || .0018581 | 11 | 37 
.0003289 | 1 | 19 || .0008333 | 2 | 15 | .0013513 | 8 | 37 || .0018617 | 14 | 47 
.0003378 2 | 37 || .0008446 | '5 | 37 || .0013587 5 | 23 || .001875 6 | 20 
.0003472 1 | 18 || .0008621 4 | 29 || .0013722 9 | 41 || .0018896 | 13 | 43 
.0003676 1 | 17 || .0008721 6 | 43 || .0013888 6 | 27 || .0018939 | 10 | 33 
.0003788 2 | 33 || .0008929 7 | 49 || .0013888 4 | 18 || .0019021 7 | 23 
‚0003826 3 | 49 || .0008929 3 | 21 || .0014031 | 11 | 49 || .0019132 | 15 | 49 
‚0003906 1 | 16 || .0009146 6 | 41 || .0014113 7 | 31 || .0019231 | 12 | 39 
.0003989 3 | 47 || .0009259 4 | 27 || .0014422 9 | 39 || .0019396 9 | 29 
.0004032 | 2 | 31 | .0009308 | 7 | 47 || .0014535 | 10 | 43 || .0019532 | 5|16 
.0004167 1 15 || .0009375 3 | 20 || .0014628 | 11 | 47 || .0010737 6 | 19 
.0004310 2 | 29 || .0009469 5 | 33 || .0014706 4 | 17 || .0019818 | 13 | 41 
.0004361 3 | 43 || .0009616 6 | 39 || .0014881 5 | 21 || .0019947 | 15 | 47 
.0004573 3 | 41 || .0009869 3 | 19 || .0015086 7 | 29 || .0020161 | 10 | 31 
.0004630 2 | 27 || .0010081 5 | 31 || .0015152 8 | 33 || .0020271 | 12 | 37 
.0004808 3 | 39 || .0010136 6 | 37 || .0015202 9 | 37 || .002035 14 | 43 
-0005068 3 | 37 || .0010174 7 | 43 || .0015244 | 10 | 41 || .0020485 | 16 | 49 
-0005102 4 | 49 || .0010204 8 | 49 || .0015306 | 12 | 49 || .0020833 | 13 | 39 
.0005319 4 | 47 || .0010417 3 | 18 || .0015625 5| 20 || .0020833 5115 
.0005435 2 | 23 || .0010638 8 | 47 || .0015625 4 | 16 || .0020833 | 11 | 33 
.0005682 3| 33 || .0010671 7 | 41 || .0015957 | 12 | 47 || .0020833 9 | 27 
.0005814 4 | 43 || .0010776 5 | 29 || .0015989 | 11 | 43 || .0020833 7 | 21 
„0005952 2 | 21 || .0010869 4 | 23 || .0016026 | 10 | 39 || .0020833 6 | 18 
.0006048 3 | 31 || .0011029 3 | 17 || .0016128 8 | 31 || .0021277 | 16 | 47 
.0006098 4 | 41 || .0011218 7 | 39 || .0016204 7 | 27 || .0021342 | 14 | 41 
«0006250 2 | 20 || .0011363 6 | 33 || .0016303 6 | 23 || .0021552 | 10 | 29 











Measuring the Length of a Shaft with a Firm Joint Caliper 
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INDEX MOVEMENTS OF SPIRAL HEAD 
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| Момемемт | ® | Ч || момемемт | © d МОМЕМЕМТ | 2 d MOVEMENT d 
oF aie ОЕ alt OF | z 
| TABLE T б TABLE T о TABLE т о о 
|..0021682 | 17 | 49 || .0026785 9 | 21 || .0032014 | 21 | 41 || .003699 
.0021738 8 | 23 || .0026785 | 21 | 49 || .003205 20 | 39 || .0037038 | 16 | 27 
і .0021802 | 15 | 43 || .0027028 | 16 | 37 || .0032095 | 19 | 37 || .0037163 | 22 | 37 
| .0021875 7 | 20 || .0027174 | 10 | 23 || .0032197 | 17 | 33 || .0037234 | 28 | 47 
| .002196 13 | 37 || .0027243 | 17 | 39 || .0032257 | 16 | 31 || .003750 12 | 20 
| .0022059 6 | 17 || .0027344 7 | 16 || .0032327 | 15 | 29 || .003750 9 15 
.0022176 | 11 | 31 || .002744 18 | 41 || .0032408 | 14 | 27 || .0037793 | 26 | 43 
і .0022436 | 14 | 39 || .0027618 | 19 | 43 || .0032607 | 12 | 23 || .0037878 | 20 | 33 
1 .0022607 | 17 | 47 || .0027777 8 | 18 || .0032738 | 11 | 21 || .0038043 | 14 | 23 
| .0022728 | 12 | 33 || .0027777 | 12 | 27 || .0032895 | 10 | 19 || .0038112 | 25 | 41 
.0022866 | 15 , 41 || .0027925 | 21 | 47 || .0033088 9 | 17 || .0038195 | 11 | 18 
| .0022959 | 18 | 49 || .0028017 | 13 | 29 || .0033164 | 26 | 49 || .0038265 | 30 | 49 
| .0023027 7 | 19 || .002806 22 | 49 || .0033245 | 25 | 47 || .0038305 | 19 | 31 
| .0023148 | 10 | 27 || .0028125 9 | 20 || .0033333 8 | 15 || .003846 24 | 39 
| .0023257 | 16 | 43 || .0028225 | 14 | 31 || .0033431 | 23 | 43 || .0038564 | 29 | 47 
і .0023438 6 | 16 || .0028409 | 15 | 33 || .0033538 | 22 | 41 || .0038692 | 13 | 21 
.0023649 | 14 | 37 || .0028717 | 17 | 37 || .0033654 | 21 | 39 || .0038794 | 18 | 29 
| -0023706 | 11 | 29 || .0028846 | 18 | 39 || .0033784 | 20 | 37 || .0038853 | 23 | 37 
.0023809 8 | 21 || .0028963 | 19 | 41 || .0034091 | 18 | 33 || .0039063 | 10 | 16 
.0023937 | 18 | 47 || .002907 20 | 43 || .0034273 | 17 | 31 || .0039246 | 27 | 43 
.0024038 | 15 | 39 || .0029167 7 | 15 || .0034375 | 11 | 20 || .0039352 | 17 | 27 
.0024192 | 12 | 31 || .0029256 | 22 | 47 || .0034439 | 27 | 49 || .0039475 | 12 | 19 
.0024235 | 19 | 49 || .0029337 | 23 | 49 || .0034482 | 16 | 29 || .003954 31 | 49 
.0024306 7 | 18 || .0029412 8 | 17 || .0034574 | 26 | 47 || .0039636 | 26 | 41 
.002439 16 | 41 || .0029605 9 | 19 || .0034722 | 10 | 18 || .0039773 | 21 | 33 
| .0024455 9 | 23 || .0029762 | 10 | 21 || .0034722 | 15 | 27 || .0039894 | 30 | 47 
.0024622 | 13 | 33 || .002989 11 | 23 || .0034885 | 24 | 43 || .0040064 | 25 | 39 
.002471 17 | 43 || .0030094 | 13 | 27 || .0035063 | 23 | 41 || .0040322 | 20 | 31 
| .00250 8 | 20 || .0030172 | 14 | 29 || .0035156 9 | 16 || .0040443 | 11 | 17 
.00250 6 | 15 || .0030241 | 15 | 31 || .0035255 | 22 | 39 || .0040541 | 24 | 37 
.0025266 | 19 | 47 || .0030303 | 16 | 33 || .0035325 | 13 | 23 || .0040625 | 13 | 20 
.0025339 | 15 | 37 || .0030406 | 18 | 37 || .0035474 | 21 | 37 || .00407 28 | 43 
.0025463 | 11 | 27 || .0030448 | 19 | 39 || .0035714 | 12 | 21 || .0040759 | 15 | 23 
.002551 20 | 49 || .0030488 | 20 | 41 || .0035714 | 28 | 49 || .0040817 | 32 | 49 
.002564 16 | 39 || .0030524 | 21 | 43 || .0035904 | 27 | 47 || .0040948 | 19 | 29 
.0025736 7 | 17 || .0030586 | 23 | 47 || .0035984 | 19 | 33 || .004116 27|41 
.0025862 2 | 29 || .0030611 | 24 | 49 || .0036186 | 11 | 19 || .0041223 | 31 | 47 
.0025915 | 17 | 41 || .003125 9 | 18 || .0036289 | 18 | 31 || .0041666 | 22 | 33 
.0026164 | 18 | 43 || .003125 10 | 20 || .0036339 | 25 | 43 || .0041666 | 14 | 21 
.0026209 | 13 | 31 || .003125, 8 | 16 || .0036585 | 24 | 41 || .0041666 | 18 | 27 
.0026316 8 | 19 || .0031889 | 25 | 49 || .0036637 | 17 | 29 || .0041666 | 12 | 18 
-0026515 | 14 | 33 || .0031915 | 24 | 47 || .0036765 | 10 | 17 || .0041666 | 10 15 
„0026596 | 20 | 47 || .0031978 | 22 | 43 || .0036858 | 23 | 39 || .0041666 | 26 | 39 











Formed Threading Tool 


| А formed threading tool is some- 
times used if considerable threading is 


to be done. 
type of formed 


rect angle. 


Fig. 1 








illustrates a good 


threading tool. 





The 
formed threading tool requires grinding 
on top only to sharpen, and therefore 
always, remains true to form and cor- 


Fig. 








1 








Tool, Solid Type 











































Formed "Thread Cutting 
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INDEX MOVEMENTS OF SPIRAL HEAD 
FOR 
LONGITUDINAL GRADUATING ON A MILLING MACHINE 


| 
MOVEMENT 


MOVEMENT | MOVEMENT MOVEMENT 


CiRCLE 
CIRCLE 





.0042091 | | .0047256 .0052327 .0057433 
.0042152 .0047299 .0052365 | .0057692 | 
.0042232 | .0047349 | .0052419 .0057874 
.0042338 .0047414 .0052635 .0057927 
.0042553 | .004762 .0052884 | .0058142 
.0042685 .0047796 .005303 .0058187 
.0042765 .0047873 .0053125 .0058336 
0042971 .0047968 .0053194 | .0058466 
.0043104 | .0048074 .0053242 | .0058512 
.0043268 | .0048384 .0053364 .0058599 
0043368 .004847 .0053572 .0058674 | 
.0043477 .0048613 .0053572 .005871 
.0043562 | 23 | .0048613 .0053781 .0058825 
.0043605 ' .0048782 .005388 .0059027 
.004375 .0048912 .0054057 .0059122 
.0043883 | .0048989 .005417 .0059215 
.0043922 | | .0049202 .0054348 .0059294 
.004398 | | ‚0040244 0054434 .0059375 
.0044119 | .0049345 .0054486 .0059455 
.004421 | .004942 .0054522 .0059524 
‚0044354 | | .0049569 .005469 .0059598 
.0044643 .0049677 .0054848 .0059782 
.0044643 | | .0049745 .0054878 .0059841 
.0044871 | .005 .0054924 .0059951 
.004506 | .005 .0055148 .0060188 
004514 | .0050308 .0055238 .0060346 
.0045213 .0050402 .0055555 | 24 | .006048 
.0045250 | .0050532 .0055555 | 15 | .0060607 
.0045452 | .0050596 .0055746 .0060812 
.004561 27| .0050676 .0055852 | .0060898 
.0045732 .0050785 .0055925 | 17 | .006098 
.0045835 .0050876 .0056035 | .0061052 
.004592 | .0050928 .0056088 | .0061171 
.0046055 | .0051022 .0056123 | .0061224 
.0046194 .0051136 .005625 .00625 

| .0046296 .0051281 .0056403 | 
.0046371 | .0051474 .005645 
.0046473 .0051627 .0056546 | 
.0046512 | .0051721 .005669 | 
.0046543 .005183 .0056816 | 
.0046875 .0051861 .0057065 | 
.0046875 .0052083 .005718 
.0047195 .0052296 .00574 
























































































Material | Turning | Chucking | решая | Reaming | Tapping 
Tool Steel Dry or Oil Oil or Soda Water | Oil Lard Oil Oil 
Soft Steel Dry or бода Water | Soda Water Oilor Soda Water | Lard Oil Oil 
Wrought Iron | Dry or Soda Water | Soda Water Oilor Soda Water | Lard Oil Oil 
Cast поп ‘| Пту Dry Dry Dry Oil 
Brass Dry Dry Oil 
Copper Oil Oil Mixture Oil 
Babbitt Dry Oil 


ry 
Turpentine or | Kerosene 


Mixture is 14 Crude Petroleum, 2; Lard Oil. When two lubricants are mentioned the first is 
preferable. 
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TABLE OF DIVISIONS OBTAINED 
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А Plate of Free Hand Lettering 
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7 HE ART OF LETTERING МАУ 


BE ACOUIRED BY PRACTICE. 


Utility ts the Forst requisite of а 
working drawing. Care and Judgement 


must be exercised at all те. 
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— MATERIALS IN SECTION — 


(5250506 
040 0 0 ө ө өө е е 





2 
Stee/ 


2 


Brass or Bronze 





—ALPHABET OF LINES— 
Visible outline 





— ———— Invisible outline 
IPSAM Center line 


——— Extension line 





Cross-hatching line 


ғ-% Dimension line 


— о м о о —_—_—_— Cutting plane 
— — — — — Alternate position 
------------.... Line of motion 
MÀS ft Broken metal 


Aa Aa Мм. Broken wood 
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Area and Volume of Spherical Segments 


Where r- radius 
e- length of соға 
h=height + 


Area of Curved Surface=2 тт = у (+02) 








Volume of Segment =a 2 (8г—В) = у (8024-40) 


Capacity of Cylindrical Tanks and Cisterns 
1 gallon 2231 eubie inches = 0. 1336$ eubie foot 
] eubie foot 27.4505 gallons 
Capacities given in U.S. gallons for 1 foot in depth 


M 


































Diam- | Area, Gallons, Diam- | Area, Gallons, Diam- Area, | Gallons, 
eter, square 1 foot eter, Square 1 foot ‚ eter, square 1 foot 
ft. in. feet depth £0. nt, foot depth ft. in. feet depth 
0 2755 5.57 50% 155 66 19 0 2120.9 
| 999 6.89 5 9 | 194.25 и 19 3 | 2177.1 
| 1.069 8.00 5 10 | 199.92 | 19 6 | 0 
| 14027 9.15 5 и | 205 67 19 9 | A 
1.396 10.44 6 0 0 Jd 
1.576 11.79 D 3 3 2 
1.767 3.2 6 0 6 | 39.1 
1.969 6 9 9 .6 
2.152 | 700 0 ‚0 
2.405 < % 3 0 
1 2 v. % 6 18 
1 228 т 9 9 9.3 
3. s 0 0 3.6 
3 SE] 3 5.6 
3.63 6 ü 3 
3.9 5 9 9 ES 
4.2 9 0 0 5.0 
4. 9 3 3 .9 
4.9 9 6 6 6 
5. 9 9 9 0 
5 10 0 0 54.1 
5. 10 3 3 .0 
1 6. 10 6 6 5.6 
1 6.6 10 9 | 5.9 
Фә п 0 | 2.0 
yo П 3 5 
7.8 6 
5,2 9 
8. 0 
9 3 
9.6 | 
0 
0 
jm 
T. 
2. 
2. 
3 
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9 
0 
3 
11 6 3 
11 9 6 
12 0 6 
12 3 5.4 
12 6 6 5.9 
1 12 9 9 1 
1 із o 29 0 53.0 
1 133 5 3 27 
1 1 1 6 5 6 3.1 
1 1 39 5 9 3 
1 4 0 | 5 0 52 
1 4 3 | 3.0 3 5.8 
13. но 3 6 4 
14. M4 9 2 9 52 
14. | 15 0 9 о | .0 
15. | 15 3 5.4 8 26.6 
15.9 15 6 5 6 5112.9 
16.50 15 9 4 9 5199.9 
17.10 ів 0 1 о | 287.7 
17.72 16 3 | 4 3 Ы; 
1 15.35 16 6 213.82 9.5 6 | 5.4 
1 18.99 16 9 220.35 54 9 4 
19.03 т 0 | 226.98 9 о | i 
20.29 73 | 233.71 5.2 3 5 
| 20.97 17 6 | 240.53 3 6 7 
| 3 17 9 | 247.45 1 9 6 
| 15 0 | 25447 6 о | 2 
15 3 | 261.59 | 5.8 3 | 6 
| IS 6 368.80 | 5 6 7 
| Is 9 276 12 20555 9 5 








Rectangular Tanks 


To find the capacity of rectangular tanks multiply the length by the 
width by the depth (all in inches) and divide the result by 231. The 
answer is the capacity in gallons. 
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Single-Bladed “Kennamill” Cutter 


At a time when manufacturers 
of standard milling cutters are un- 
able to keep up with the demand, 
McKenna Metals Co., 381 Lloyd 
Ave. Latrobe, Pa, announces a 
method by which simple facing 
cutter heads may be made in almost 
any shop. Due to its high speed of 
cutting, this single-bladed “Кеппа- 
mill,” employing Kennametal tools, 
will often work more efficiently 
than a standard cutter requiring 
many high speed steel blades. 

Designed with a large negative 
spiral angle of 35° to 55° and posi- 
tive hook of 15° to 25°, this cutter 
mills steel efficiently only because 
Kennametal does not “gall” or per- 
mit the adherence of steel chips to 
the hard, strong, non-galling tool 
tip which “skids” the steel chip off 


smoothly at these angles. 

For roughing, with cuts up to %” 
deep, a 35° negative helical angle 
and 15° positive hook on a 12” di- 
ameter cutter head has been found 
to work efficiently. For light fin- 
ishing cuts a negative helic of 55° 
with 20° positive hook angle is most 
efficient. The hook angle should be 
less on a smaller diameter. head. 

Kennametal cutters should be run 
to give 300 to 600 ft. per min. peri- 
pheral speed, with a table feed of 
.008” per revolution, depending on 
the material being тасћтед. A 6” 
dia. head gives about 3” per min. 
table feed at 380 r.p.m. (600 ft./min. 
cutting speed.) Clearances should 
be kept to a minimum and only a 
slight radius used. No coolant 
should be used as it is impossible 
to keep the cutting point flooded at 
the speeds employed. 

The Kennametal-tipped blades can 
be removed from the cutter heads 
and reground quickly, an important 
advantage over standard cutters, 
which require removal of the entire 
head from the machine, with con- 
sequen: loss of time. 

The manufacturer will be pleased 
to furnish additional information 
upon request. 


Cam Cutting 


Although, in most factories, the operations discussed in this chapter 
are looked upon as toolroom jobs, there are numerous concerns in 
which cam and gear cutting are strictly manufacturing propositions. 
Many screw machine shops lay out and make their own cams — 
using a milling machine for the purpose — in such quantities that a 
machine may be employed almost exclusively for cam cutting. Other 
shops have to cut all sorts of gears — spur, spiral, bevel, etc., — but 
in such small lots that the installation of sufficient gear cutting ma- 
chinery to fill their requirements in variety would call for a prohibitive 
outlay of capital, and would burden them with a number of machines 
that could be kept busy only a fraction of the time. Іп this type of 

(Continuea on top of next page.) 
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plant it is not unusual to see one or more milling machines engaged 
primarily upon gear cutting. 

Graduating is more likely to be confined to an occasional toolroom 
or experimental job, but, since it involves the use of the Universal 
Index Centers in conjunction with table movements, as do so many 
gear and cam cutting operations, we have included it in this chapter. 

Face, peripheral and cylindrical cams of all ordinary sizes can be 
cut upon a milling machine, and а far more satisfactory job can be 
obtained than is possible by drilling around the outline on а cam 
blank, breaking it off and then milling or filing to a line. 


When it is required to cut several cams of the same outline at fre- 
quent intervals, it is an advantage to add the Cam Cutting Attach- 
ment, illustrated and described in Chapter II, to the equipment of the 
machine. The formers that are required to produce the different cams 
can be preserved, and it is then only a matter of à few minutes' time 
to set up the machine to cut any number of cams for which a former 
is at hand. 

Another method that is often followed, in cutting peripheral cams, 
especially those for use on automatic screw machines, is that of using 
the universal spiral index head and a vertical milling attachment. 





Fig. 2 


Cam Cutting Attachment. 'The headstock is geared 
to the table feed зё, the same as in cutting ordinary spirals, and the 
cam blank is fastened to the end of the index spindle. An end mill 
is used in the vertical milling attachment, which is set in each case 
to mill the periphery of the cam at right-angles to its sides, or, in 


Continued on next page 
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other words, the axes of the headstock spindle and attachment spindle 
must always be parallel to mill cams according to this method. Тһе 
cutting is done by the teeth on the periphery of the end mill. The 
principle of this method is as follows: Suppose the headstock is 
elevated to 90?, or at exact right angles to the surface of the table 
(see Fig. 1), and is geared for any given lead. It is then apparent 
that, as the table advances and the blank is turned, the distance 
between the axes of the index spindle and attachment spindle becomes 
less. In other words, the cut becomes deeper and the radius of the 
cam is shortened, producing a spiral lobe, the lead of which is the 
same as that for which the machine is geared. 


Now, suppose the same gearing is retained and the headstock is set 
at zero, or parallel to the surface of the table (see Fig. 2). It is ap- 
parent, also, that the axes of the index spindle and attachment spindle 
are parallel to one another. "Therefore, as the table advances, and the 
blank is turned, the distance between the axes of the index spindle 
and attachment spindle remains the same. As a result, the periphery 
of the blank, if milled, is concentric or the lead is 0. 


If, then, the headstock is elevated to any angle between zero and 90? 
(see Fig. 3), the amount of lead given to the cam will be between that 
for which the machine 15 geared and 0. Hence it is clear that cams 
with a very large range of different leads can be obtained with one 
set of change gears, and the problem of milling the lobes of а cam is 
reduced to a question of finding the 
angle at which to set the head to 
obtain any given lead. 


In order to illustrate the method 
of obtaining the correct angle, draw- 
ings of two cams to be milled, and 
data connected with same, are given 
in Figs. 4 and 5. 


It is first necessary to know the 
lead of the lobes of а cam, that is, 
the amount of rise of each lobe if 
continued the full cireumference of 
the cam. This ean be obtained 
from the drawings as follows: For 
cams where the face is divided into hundredths, as those shown: 
multiply 100 by the rise of the lobe in inches and divide by the num- 
ber of hundredths of circumference occupied by the lobe. For cams 
that are figured in degrees of circumference: multiply 360 by 
the rise of the lobe in inches and Continued on next page 
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divide by the number of degrees 
of circumference occupied by 
the lobe. "Taking Fig. 4 for ex- 
ample, we have а cam of one 
lobe which extends through 91 
hundredths of the cireumference, 
and has a rise .178". Then 
” 

X = 1956 land of lobe; 
or .196", which is near enough 
for all practical purposes. 


Fig. 4 As а .196" lead is much less 
than .67", which is the shortest lead regularly obtainable on the 
milling machine, 

Divide the given lead of the cam lobe by a lead obtainable on the 
machine, and the result is the sine of the angle at which to set the 
head. 


Continuing the calculation for the lobe of the cam in Fig. 4, we 
.196" 


therefore have: 7677 = 29253. 


Hence, .29253 is the sine of the correct angle. Turning to а table of 
natural sines and cosines, we find that .29253 is very near .29265, 
which is the sine of an angle of 17? and l'. As the headstock is not 
graduated closer than quarter degrees, it will be satisfactory to elevate 
the head just a hair over 17°; then, with the gearing for a lead of .67", 
a cam with a lead of .196" will be obtained. 


The minute errors between the actual lead .1956" and .196", and 
in the sines and angles‘of this calculation can be safely ignored, as 
| it is not possible in practice to 
work very much closer than we 
have outlined. 





The portion of the periphery 
of the саш from 91 hundredths 
to zero represents а clearance of 
the cutting tool prior to the be- 
ginning of the throw. It is usu- 
ally milled to a line, or drilled, 
broken out, and filed. 


In Fig. 5, we have a cam with 
two lobes, one, А, having a rise 
of 2.493" in 47 hundredths, and 
the other, B, having a rise of 
2.443" in 29 hundredths. On 
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cams such as this, where it is necessary to remove considerable stock, 
it is usually the practice to first outline the approximate shape of 
the lobes on the blank and drill and break off the surplus stock. 


Following the same method of figuring to find the lead of the 


lobes on this cam, we have: по i BARS" 5.304" lead for lobe А, 


47 
ний oes = 8.424" lead for lobe B. 


Where there are two or more lobes on a cam, the machine is geared 
for a lead slightly longer than the longest one required, which in this 
case is 8.424”, then the other lobes are milled without changing the 


gears. Referring to the Table of Leads, we find a lead of 8.437", 
which is slightly larger than 8.424". This gearing is, therefore, 
accepted, and it is required to find the sine of the angle at which to 
set the head for lobe B. 

8.424 > | 5 

8437 ^ .99846 sine of angle at which to set head. Looking at a 
table of sines and cosines, .99846 is found to be the sine of an angle 
of 86° and 49". The head is, therefore, set at a trifle over 86 3/4°. 


When lobe B has been milled, the head is set for lobe A. 


2302 .62865 sine of an angle at which to set head. Referring 
again to a table of sines and cosines, we find that .62865 is very 
near to .62864, which is the sine of an angle of 38? and 57". The head 
is, therefore, set slightly under 39? for this lobe. 


The other portions of the periphery of this cam are formed up 
either by filing to a line before the blank is put on the milling machine 
or by milling to the line after the lobes have been formed. 


Whenever possible, the job should be set up so that the end mill 
will cut on the lower side of the blank, as this brings the mill and table 
nearer together and makes the job more rigid. It also prevents chips 
from accumulating, and enables the operator to better see any lines 
that may be laid out on the face of the cam. 


When the lead of the machine is over 2" the automatic feed can 
be used, but when the lead is less than 2" the job should be fed by 
hand, with the index crank, unless a short lead attachment is used. 
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Milling a Cam, Using Universal Spiral Index Head and Vertical 
Milling Attachment 


'The cam blank is mounted on an expansion arbor inserted in the 
taper hole of the headstock spindle. 


Suitable change gears are selected to give the approximate lead 
and the headstock is elevated to obtain the exact lead; the vertical 
attachment is then set to bring the end mill parallel with the axis 
of the cam. Where such short leads as this are being milled, there 
is great stress brought upon the headstock gearing in attempting to 
use the automatic feed, unless a short lead attachment, such as is used 
here, is available. 
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Cutting a Cylindrical Cam, Using Cam Milling Attachment 


For eutting & cylindrieal cam, the attachment head and footstock 
are bolted to the bed parallel to the table and the cam blank is supported 
on an arbor mounted on the attachment centers. "The attachment 
centers are placed at the same height as the axis of the spindle. A 
spiral end mill is used for this operation and the necessary movement 
to feed the work is obtained from the attachment, the table remaining 
clamped in one position. | 


Тће former, itself а cam, is usually made with the aid of the universal 
spiral index head, in the manner previously described. 
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Cutting a Peripheral Cam, Using the Cam Milling Attachment 


In this operation the head of the attachment is bolted to the bed 
at right angles to the table and the cam blank is fastened to the 
attachment spindle by means of а bolt. A face cam would be milled 
in the same manner. The necessary rotative movement is obtained 
by hand feed, and the longitudinal movemenv to give the proper 
lead and shape to the cam is produced by the cam former and the 
mechanism of the attachment, as described, 


A spiral end mill is used. The machine table remains clamped in 
one position. 
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Milling Heart Shaped Cam 


Тће cam shown in place on the cam milling attachment in this 
photograph required а method of machining that is a little out of the 
ordinary, because of the abrupt rise and drop of the lobes. 

'To overcome the stresses caused by these steep lobes, a former was 
made in the same shape as the required cam, but with its center of rota- 
tion much closer to its actual center than in the case of the work itself 
The work was then mounted upon a special holder with a stud to fit 
the hole in the work, offset the proper distance. By this means, such 
heart shaped cams can be milled more easily and accurately. 
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Cam Milling Áttachment 


The Cam Milling Attachment, shown in Fig. 1, is used for cutting either Face, 
Peripheral or Cylindrical Cams from a flat former. The former is made from a disk 
about 16 inch thick, on which the required outline is laid out. The disk is machined 
or filed to the required shape. 


The table of the machine remains clamped in one position during cutting, and the 
necessary rotative and longitudinal movements are contained in the mechanism itself. 
'The rotative movement is obtained by a worm driving a wormwheel fixed to the 
spindle of the attachment. The former is secured to the face of the wormwheel, and 











Fig. 1. Cam Milling Attachment 


as the wheel revolves, the former depresses a sliding rack that in turn drives а pinion 
geared to another rack in the sliding bed of the attachment, thus giving the necessary | 
longitudinal movement. In the illustration, the former is shown in position on the 
face of the wormwheel. 








The attachment is sometimes driven automatically by means of a round belt: 
leading from a small jackshaft to а three-step cone pulley fastened on the end of the 
worm shaft. The pulley is clutched to the worm so that either hand or automatic 
feed may be used by the simple movement of a lever. 


In sharpening Brown & Sharpe Spiral End Mills and Two Lipped Spiral End 
Mills the double angle lands with which these mills are furnished should be preserved. 
These double angle lands permit the correct cutting clearance to be maintained with 
a strong tooth shape. 


Fig. 1 In sharpening End Mills having 
end teeth as shown in the illustra- 


STRAIGHT - : : 
WHEEL. tions, either a straight wheel can be 










wark used p shown in s Pu e Мок 
«р, Movement wheel as shown in Fig. 2. eels , Movemen 


should be set to give approximately 
4? cutting clearance and sufficient 
concavity to make the points of the 
teeth higher than any other part. 
Should repeated sharpenings elim- 
inate the center hole, the efficiency 
of the end mill is not impaired. 
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BELTING SECTION 


The driving power of a single belt is usually taken as one horse-power for every inch of width at a 
speed of 600 to 700 feet per minute, from 400 to 500 feet per minute for a double belt. 


To find the length of belt wanted. Add the diameter of both pulleys together, divide by 2, and multiply 
quotient by 314; add this product to twice the distance in inches between the center of shafts, and the 
final sum will be the length required. Example. Diameter of large pulley 24 in. + 12 diameter of small 
pulley = 36 +2 = 18 X 314 = 5814 + 216 twice distance between shafts = 27414 inches, length required. 


To find width of belt required for a given horse-power. Multiply the horse-power by the constant 
2,150, then multiply the diameter by driven pulley by the number of revolutions and divide the first 
product by the latter, the quotient will be the width of belt required. Example. Horse-power 28 X constant 
2,750 = 77,000; diameter of pulley 36 in. X revolution 200 = 7,200; 77,000 + 7,200 = 10 inches, width 
required. 


To find the horse-power which a belt will transmit. Multiply the width of belt by diameter of driven 
pulley in inches, multiply this product by revolutions per minute, then divide final product by constant 
2,150, the quotient will be the horse-power. Example. Belt 10 in. X 36 diameter of pulley = 360 x 200 
revolutions = 72,000 + 2,750 constant = 26.5 horse-power required. 


The horse-power and width of belt given, find the diameter of driven pulley required. Multiply the 
horse-power by constant 2,750, now multiply revolutions of pulley by width of belt, then divide the first 
product by the latter, the quotient will be the diameter wanted. Example. Horse-power 28 Х 2,750 = 
77,000; revolutions 200 X 10 = 2,000; 77,000 + 2,000 = 38.5, diameter wanted. 


То find the size of driving pulley, multiply the diameter driven by revolutions it should make, and divide 
the product by revolutions of driver. Example. Diameter of driven, 12 inches; revolutions, 240; revolutions 
of driver, 160 then 12 Х 240 = 2,880 — 160 = 18, diameter of driver wanted. 


То find the size of driven pulley, multiply diameter of driver by its revolutions, and divide the product 
by revolutions of driven. Example. Diameter of driver, 18; revolutions, 160; revolutions of driven, 240: 
then 18 X 160 = 2,880 + 240 = 12, revolutions of driven wanted. 


To find the number of revolutions of driven, multiply diameter of driver by its revolutions, and divide 
product by diameter of driven. Example. Diameter of driver, 18; revolutions, 160; diameter of driven, 12 
inches; then 18 X 160 = 2,880 + 12 = 240, revolutions of driven wanted. 


To find the horse-power of a driving pulley, multiply the circumference of pulley by the revolutions, 
and this product by width of belt, and divide final product by 600. Example. Circumference of pulley, 
56.55; revolutions, 160; width of belt, 6 inches; then 56.55 Х 160 = 9,048 Х 6 = 54,288 + 600 = 9.04, 
horse-power of pulley wanted. 


To find the length of belt when closely rolled, add the diameter of the roll in inches to the diameter 
of the eye, multiply this by the number of turns. The result multiplied by the decimal, 1309, will give the 
length of roll in feet. 

BELT CEMENT 


For leather belts, take of common glue and American isinglass equal parts; place them in a glue pot 
and add water sufficient to cover the whole. Let it soak 10 hours, then bring the whole to a boiling heat, and 
add pure tannin until the whole appears like the white of an egg. Apply warm. Buff the grain of the leather 
where it is to be cemented, rub the joint surfaces solidly together, let it dry for a few hours, and the belt 
will be ready for use. For rubber belts take 16 parts of gutta percha, 4 parts india rubber, 2 parts common 
calker's pitch, 1 part linseed oil; melt together and use hot. This cement can also be used for leather. 


Keep your belt speeds up. 
Within reasonable limits and ignoring the effect 


of centrifugal force, doubling belt speed doubles the 
horsepower a given belt will transmit, or cuts in half 
the stress in the belt for the same horsepower. So keep 
belt speeds up — to keep belt costs down. 
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Speeds for engine or lineshaft drive belts. 


То figure a belt drive from an engine or lineshaft 
or for any purpose other than an electric motor drive, 
again make the diameter of your driving pulley to 
give as high belt speed as is possible — from 3,500 to 
4,500 F.P.M. 'This is the safe way to get a diive that 
will perform well — and be cheaper, because of the 
narrower belt and pulleys tbat can be used. 


What belt thickness to use. 


Having determined suitable motor or driving pul- 
ley for your job and knowing the belt speed, your 
next step is to determine thickness of belt to use. The 
diameter of the small pulley in the drive determines 
the belt thickness. This is important. The smaller 
the diameter of the pulley around which the belt 
bends, the quicker the belt will wear out. So belt 
thickness depends on the diameter of the small pulley. 


Referring to table below, if tbe small pulley is 4" 
diameter then а medium single belt is recommended. 
If the small pulley is 8" diameter a medium double 
belt is recommended. But if, for the 8" diameter pul- 
ley. the belt finally figures more than 8 inches in 
width, then, to better conform to the wider and 
higher pulley crown, a light double is recommended. 
ALWAYS USE BELT THICKNESS THAT IS 

CORRECT FOR PULLEY DIAMETER 


SINGLE PLY DOUBLE PLY TRIPLE PLY 


Med. | Heavy Light | Med. | Heavy Med. | Heavy 





These are the minimum recommended pulley 
diameters for the above thickness belts 
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BELTING—V-Shaped v.BELT DRIVES 










MOTOR OR DRIVER (DR) 
SHEAVE 


(Usually the smaller sheave) 


Center Distance 


ARC OF CONTACT: Amount of wrap or measure of belt contact with 
pulley measured in degrees. See sketch. 

CENTER DISTANCE: Distance between axis of pulley or sheave 
shafts, see sketch. The best center distance is one that approximately equals 
‘the diameter of the large sheave. Do not use a center distance greater than the 
sum of the diameters of both sheaves unless necessary. 

COMBINATION STOCK DRIVE: A drive incorporating a Light 
Duty sheave and Standard sheave in combination with a standard length belt 

FIXED CENTER DRIVE: А drive where no take-up for belt stretch 
is provided. Avoid such a design if possible. 

R. P. M.: Number of Revolutions Per Minute made by sheave. Driving 
sheave R. P. М. can usually be obtain from name plate on prime movers, 
motors or engines. The most accurate information can best be obtained by use 
of a tachometer. 

SHEAVE: Pulley with outside surface or periphery grooved to accom- 
modate V-shaped belts. 


(a) Pitch Diameter (Р. D.)—A pproximate location of neutral belt axis 
with reference to sheave groove where V-belt is in contact with sheave. Бей 
speeds are figured on pitch diameters. 


(b) Outside Diameter O.D. —To get O.D. of sheave when Р.О. is 
given see following table. 















































SHEAVES BELTS V-Flat Drive 

Belt Cross Section— Recommended Кф я To Obtain Tunae Ада to O.D. 

8 бе м Sheaves Add|Pitch Length| jength |ог Flat Pulley 

Diameters орноп Add to Inside Circum. to зіп РАВ, 

Diameter | 

0000—13/32" x 7/32" | 1.5"— 2.5" 14" .69" 1.88” | 7/32” 
FHP.«4 1000—33/64" x 19/64"! 2.0"— 3.0" ,19^ .93" 1.86" 19/64" 
2000—21/32" x 283/64"| 3.0"— 4.0" .29" 1.13" 2:26" | 28/64” 
A—14" x 11/82” 3.0"— 5.0" 36" .98" 2.16" 11/82” 
В--21/89” x 7/16” 54"— 7.5” м 1.18" 2.75” | 1/16” 
C—76" х 17/82" 9.0"—12.0" 4" . 1.67” 3.88" 17/82" 
D—1Zj" x 34" 13.0" —90.0" 76" 1.96" 411" м” 
E—172" x 1" 21.6"—98.0" 1%” 2.75” 6.28” 1.0” 





Continued on next page 
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(c) Bushing—Metallic lining used in hub of sheave. Inasmuch as the 


bushing can be bored to various diameters to fit shafting, most sheaves are 
manufactured to accommodate interchangeable bushings. 

(d) Hub— Central part of sheave. 

(e) Bore—The interior diameter of the hole in a hub or bushing. 

(f) Keyway or Keyscat—Corresponding grooves in hub, bushing and 
shaft to accommodate key for locking bushing and hub in position to prevent 
rotation. E 

SPEED RATIO: Relation between speed of Driver (Dr.) Sheave ind 
Driven (Dn.) Sheave. Can be obtained by dividing R.P.M. of smaller sheave 
by R.P.M. of larger sheave or by dividing pitch daimeter of larger sheave by 
pitch diameter of smaller sheave. 


GLOSSARY OF TERMS—V-BELT DRIVES 


STANDARD DRIVE: A drive incorporating standard size sheaves and 
standard length belts. Where stock sheaves are called for, the drive is terined 


a STANDARD STOCK DRIVE. 

V-FLAT DRIVE: Name given drive where one pulley (usually the 
Driver) is V-grooved and the other pulley is a regular flat face pulley. 

V-V DRIVE: This is a regular V-Belt drive and merely indicates that 
both pulleys are V-grooved. 


Pitch Line* Thickness (T) 


т 






Base of Belt 


ANGLE (Included Angle 
between sides) 


*PITCH LINE OF BELT-— Neutral axis of belt. Exact location depends upon several fac- 
tors but for ordinary calculations can be considered as being half-way between top and 


base of belt. 
PITCH LENGTH OF BELT—Length of belt measured along Pitch Line. 


MOTOR SPEED—RPM 

















Horsegowen |— 1750 1160 870 620 215 

у А* А“ А 

м A* A A 

1 А А А 

1% А А А 

2 А А А 

3 A A B (or A) ‚м 

5 B (or A) | B (or A) В 8 

ти B n B i 

10 В В Вог С s 

15 n BorC | C (or B) m — 
20 BorC | С(огВ) C D D 
25 C (or B) C с D D 
30 С с € D D 
40 с Cor D Cor D D D 

50 е Cor D Cor D D D E E 
60 C CorD |D (or C) D D E E 
15 Є D (or C) D D DorE E E 
100 с р D DorE |E (огр) Е Е 
125 АА р р DorE |Е (огр) Е Е 
150 р р Е (or D) E E E 
200 D D E E E E 
250 , D D E Е Е Е 

300 and аћоуе|.... р р Е Е Е Е 
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(Continued from preceding page) 

CENTER. DISTANCES: V-Belt Drives permit very short centers. 
Where no limitation of Minimum Center Distance is involved, a Center Dis- 
tance equalling or slightly greater than the Large Pulley Diameter will usually 
give a very satisfactory and economical drive. It is simply necessary to have 
an Arc of Contact on the Small Pulley of approximately 120 degrees. 

RECOMMENDED BELT CROSS-SECTIONS: The various Belt 
Cross-Sections should normally be used for the Horsepowers outlined in Table 
B on this page. Naturally, the smaller Cross-Section is used where the pulley 
diameters are limited. 

MINIMUM PULLEY DIAMETERS: The Minimum Pulley Diam- 
eters shown in Table “А” will be found satisfactory for normal motor speeds. 
For slower speeds, these diameters should be increased if possible. Otherwise, 
due to the low belt velocity, more belts will be required. The Absolute Mini- 
mum Diameters may be used where the particular limitations of the drive make 
their use imperative. They should not be used, however, on V-Flat Drives or 
on applications subject to severe operating conditions, such as high starting 
torques, heavy peak loads, etc. 

PITCH DIAMETERS: Pitch Diameters are determined by subtracting 
the amounts shown in Table "B" from the Outside Diameters. The amount 
to be subtracted depends on the Belt Cross-Section being used. 


TABLE “А” ABLE “В” 
Minimum Pulley Diameters— шө Pn Pitch Diameters 
Inches f Pulleys—Inches 
Cross- Deduct Ton On V-Flat Drives, 
Section Minimum Outside Absolute М1п1- Outside Add to Outside 
Diameters mum Outside Diameter of Diameter of 
Recommended Diameters or V-Pulley to Flat Pulley to 
for Motor Pulleys Motor Pulleys Obtain Pitch Obtain Pitch 
і Diameter Diameter 
А 8 214 *% 25 
B 5 жу; 35 
С 8 1 ЕЙ 45 
р 11 10 % 65 
Е 17 15 1% 95 





OVERLOADS ОК PEAK LOADS: Average Load Conditions ате 
those where the starting torque is equal to or less than full load torque and fre- 
quent peak loads are not encountered. For conditions more severe than aver- 
age, the number of belts should be increased. 

Where the Starting Torques or Peak Loads are greater than 100 per 
cent, but not over 150 per cent, of Full Load Values, use approximately 25 
per cent more Belts. 


Continued on next page 
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Where the Starting Torques or Peak Loads are greater than 150 per cent, 
but not over 200 per cent, of Full Load Values, use approximately 40 per cent 
more Belts. 


Reversing Applications, such as cranes, hoists, etc., require approximately 
25 per cent more Belts. 


Textile Machines, such as Spinning Frames, usually require 40-50 per 
cent more Belts. 


For Linestart Motor Applications, where the motor is started on full volt- 
age, use approximately 20 per cent more Belts. 


It is impossible to list all of the applications in the various industries that 
will require an increase in the number of belts, but, as a general rule, the fore- 
going corrections will apply. 


The use of an increased number of belts under severe conditions, such as 
outlined above, will prevent slippage when starting or under peak loads, and 
will materially increase the life of the belts. 


| 
| 
| 
| 
| 





SURFACE SPEEDS IN FEET PER MINUTE 
in Relation to RPM 


Surface speed = diameter X r X RPM + 12 


„Revolutions per minute 


1.4399 
2.1598 
2.8798 | - 


4.3197 
5.7590 


7.1995 E d 5 . ы . 12 11.7810 


8.6304 Я . 10.9956] 11.7810 Я 5 14.1372 
10.0794 ы 7 В 12.8284| 13.7447 E «517 16.1936 
11.5192 X қ 14.6008] 15.7080 .7552 | 17. 18.8496 


12.9591 5 Ё 16.493: | 17.6715 
14.3990 "T Д 18.3200 | 19.6350 
17.2788 д . 21.9911] 23.5619 





21.5984 5 Я 27.4889] 29.4524 
28.7993| 31. - 36.6519] 39.2699 


Revolutions per minute 






















19.6350 
26.1799 
32.7249 





20.9440 
26.1799 





13.0900 









15.7080 31.4159 




























































ЗУ" | 18.3262 36.6525 

4” 20.9440 41.8879 

зу" | 23,5619 47.1239| 58.9019 117.8097 

ЗА 26.1799 52.3599] 65-4498 130.8097 

6" 31.4159 62.8319] 78.5398 157 0796 

туя" | 39.2699 98.1748 | 117.8097 | 137.4447 196.3495 
52.3599 130.8997 | 157-0796] 183-2596 261.7991 









188.1956 





62.8319 125.6637 | 157.079! 219.9115] 251.3274 314.1593 
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HORSEPOWER OF SINGLE LEATHER BELTING 


Multiply diameter of pulley in inches by its number of revolutions per minute, and this product by 
width of the belt in inches; divide this product by 3,300 for single belting, or by 2,200 for double belting, 
and the quotient will be the amount of horsepower that can be safely transmitted. 









































Speed in WIDTH OF BELTS IN INCHES 
Feet Per Min. 1 1 2 | 3 
| Н.Р.|Н.Р.| Н.Р. 
400 % I Ix 
600 и | 1и | 2% 
800 1 2 3 
1000 ім | 2% | 3м 
1200 1% | 3 4% 
1500 1% | 3% | 5% 
1800 24 | 405 | 6% 
2000 2% | 5 1% 
2400 3 6 9 
2800 з | 7 10 
3000 34 | 74 |11 | 
3500 44 | 834 113 | 
4000 5 10 15 
4500 54 |n 17 
5000 6 12 19 














Double leather, six-ply rubber or six-ply cotton belting will transmit about 60 per cent more power than 
is shown on this table. (One-inch wide, double, 550 feet per minute = one horse-power.) 


UNIT OF HEAT 


What is meant by the expression unit of heat? 


À heat unit (B. t. u.) is the quantity oí heat required to raise the temperature of one pound of water 
one degree, or from 39 degrees to 40 degrees F. The heat unit is used for calculating the quantity of heat 
contained in any form and know weight of matter. 


The mechanical equivalent of heat, or rather of one heat unit, is 778 foot pounds. (À foot pound is one 
pound weight raised one foot high.) 


How to calculate horsepower from the above data: One horsepower equalis 33,000 Ibs. raised one foot 
high in one minute of time. One heat unit equals 778 foot lbs. or 778 divided by 33,000 equals about 1-43 
of ‘a horsepower. 


HORSEPOWER OF STEAM ENGINES 


The rate at which steam does work upon the engine piston equals indicated horsepower, I. H. P. 
equals to average total pressure on piston, pounds, times distance moved by piston in feet per minute 
divided by 33,000. Also I. H. P. equals average effective pressure on piston, pounds, per square inch times 
(piston displacement, cubic inches, per minute) divided by 396,900. 

І. H. P. = M. E. P., lb. per sq. in. x piston area, aq. in. x piston speed, ft. per min. 


33,000 
PLAN 
"m —, where P equals mean indicated pressure, lbs. per square inch; L equals 
,000 


length of stroke, feet; A equals effective area of piston, square inches, after deducting area of piston rod or 
tail rod; N equals number of working strokes per minute. А horsepower equals 33,000 foot pounds per 
minute, or 1,980,000 foot pounds per hour, or 1,980,000 X 12 = 23,760,000 inch pounds per hour, meaning 
that the same amount of energy required to lift 33,000 pounds one foot high in one minute of time would 
lift 23,760,000 pounds one inch high in one minute of time. 


ELECTRICAL HORSEPOWER 


What constitutes one electrical horsepower? The current (C) in amperes multiplied by the electro- 
motive force (E) in volts, divided by 746; expressed as follows: 


ExC 


146 


It takes 1,000 watts, expressed as one kilowatt, to deliver one mechanical, or brake, horsepower in 
practice. 


If the brake horsepower of an electric motor be known, how may the efficiency be calculated? By the 
following formula: 
B. H. P. x 746 
ExC 
in which e equals efficiency; B. Н. P. equals brake horsepower; E equals volts; C equals amperes. 
HORSEPOWER OF AN EXPLOSIVE MOTOR 
OR GASOLINE ENGINE 


First ascertain the number of strokes per minute; then 
PLAN 
Н.Р. = 


' 33,000 


in which H. P. equals horsepower; P equals mean effective pressure; L equals length of stroke in feet; 
À equals area of piston in square inches; N equal number of power strokes per minute. 


Also, I. H. P. = 





S.H.P.- 


е = 
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CUTTING TOOLS RECOMMENDED FOR USE ON 





CINCINNATI SHAPERS 
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ВН. DOVETAIL 
FINISHING TOOL 











No. of Threads 
per Inch 

8 
10 
11 

12 
13 
16 
20 


No of Chasing 
Cuts 
18 
14 
[3 
11 
10 
9 
S 


Thread-Cutting Data 


This table is based on .005” per cut allow- 
ing &n extra cut for finish which is the 
actual practice in our shop. 
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STANDARD IXL KEY SEATS 


Strength of Sunk Keys — The strength of a sunk key is the measure of its holding 
power. А key of width w, thickness t, length 1, all in inches, a unit shearing strength of 
fs, and unit crushing resistance of fc in lb. per square in. will have a shearing strength, 
Ib. per sq. in., of fs wl and a crushing resistance fe (}4t1.). 


If r = radius of the shaft, in., the moment which the key can resist will be rwlfs or 


Ме, whichever is smaller. 

Experiments made by Professor Lanza indicate that the ultimate value of fs for cast- 
iron = 30,000 lb., for wrought-iron = 40,000 lb., and for machinery steel = 60,000 
lb. A factor of safety of 2 would be advisable with these values. 



































Diameter | o P Diameter о | Р 
of Hole, Width of Depth of of Hole, Width of Depth of 
Inches Key Seat Key Seat Inches Key Seat Key Seat 
% % ж 34 31% % 
76 to % % 1% 334 то 4% 1 
% to 9$ % % 414 to 4176 1% 
16 to М % % 434 to 5% 14 
196 to 16 % U^ 54 to 51% 1% 
1546 to 114 и м 534 to 6% 1% 
196 to 1% 5% 5% 614 to 61% 156 
1% to 156 38 Зб 6% to 73% 1% 
lly to 178 б 1e 7Y4 to 71% 17$ 
11546 to 2% 1% M 734 to 83% 2 
2% 021% | % % 814 to 8!% 2% 
234 to 36. и $4 9 told 24 

















Reaming in the Lathe 


Reamers are used in the lathe to finish a number of holes quickly 
and accurately to the same diameter. Usually the hole is first drilled 
or bored roughly to size, allowing sufficient stock for reaming. Two 
types of reamers are used, the rose reamer and the fluted reamer. 


Rose reamers are ground for cutting on the end only and are in- 
tended for rough reaming as they do not produce a good finish or an 
accurate diameter. 

Fluted reamers are ground for cutting on both the ends and the 
sides of the blades and are usually used after the rose reamer to obtain 
an exact size and produce а good smooth finish. Fluted reamers should 
be used only for light cuts, removing not over .010 in. from the hole. 
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DIMENSIONS OF STANDARD KEY- ~w | 
SEATS AND SETSCREWS 
FOR GEARS 


IN INCHES 








що % ( да 32| 37$ to 
"яв to М , 2 5l4 to 


16 to 36 |S 18| 6% to 5 4% 
1546 to 34 7% to. 85, zt 
13 % to 1546 (6 LAU 9 to 103 а 34 i Х= (2)*- (4) ^ с” Q 
134 to зм | 3 -13|10!4 to 117 54 ne 2 2 
17$ to 2% 1 —12 |1116 to 1: 74 24 е 
2% to 21 8 46 |5% 1234 to 1315 И ] NN Х= 2х-0 
27$ to 3S 3% 14 to : 1 23 
3% 00 ЗИ Ехатріе 


Hole 1"; Keyway М” wide by 9" deep. 


X*v (72 )*- (Уа) + уд + e = //09* 








pu STANDARD KEYWAYS 
FOR CUTTERS 








Width (W) ог Depth (D') of Radius (R), 
Hole, Inches Keyway, In. Keyway, In. Inches 
- 3-64 1-64 
1-16 1-32 
1-16 1-32 
1-16 1-32 
3-32 3-64 
1-8 3-64 
5-32 1-16 
3-16 1-16 
3-16 1-16 
7-32 1-16 
1-16 
1-16 


л 
de] 
со to 


3-4 
1-8 
1 

11-4 
11-2 
13-4 
2 

214 
2 1-2 
234 
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U. S. NAVY STANDARD KEYS 
Keys and Keyways for Propellers 
Proportions of Sunk Keys 


Key Key || Shaft Key Key Shaft Key 
Width | Thickness Diam. Width | Thickness Diam. Width 
Inch Inch Inch Inch Inch Inch Inch 


ve 
Ys 
56 
56 
56 
н 
th 
% 
2% 





Sunk Keys аге generally proportioned with relation to the Shaft 
Diameter, instead of considering the torsional lead in each case, because 
rules which apply to sunk keys have been used widely. It is best however, 
to proportion keys according to an adopted standard. 


RULE 1—Тһе width of the key equals / of the Shaft Diameter; 
the thickness 1/6 of the Shaft Diameter; the minimum length 1% 
times the Shaft Diameter. In the following W — Key Width; T — Key 
Thickness; L — Key Length; and D — Shaft Diam. 


D 1 


Ұ = — T=—D L=15D 
4 6 


RULE2—W — ùD + inch; T= % D + % inch; Ls? ptT 
10 


For Splines or Feather Keys, interchange the dimensions for width and 
thickness. 


RULE 3 (Unwin) — W = ДО б inch; T= % D + % inch. 


When gears or pulleys transmitting only a small amount of power are 
keyed to large shafts, these dimensions are excessive. 


The taper of sunk keys is usually about % ог ù inch per foot. The 
depth of a taper keyseat at the deep end should be 3/5 of the key thickness. 


The U. S..Navy, in proportioning keys for Propellers, is to make the 
width of the key about 1% times its thickness. The thickness, in turn, 
is so determined that the side pressure on the propeller hub, calculated 
from the maximum turning moment on the shaft, does not exceed 25,000 
pounds per square inch. The key is so proportioned that the pressure on 
the keyway will not exceed 22,000 póunds per square inch. With this pres- 
sure, if the key thickness is over !4 of the Shaft Diameter, two keys, set 
opposite, are preferred. 


The Hub of the Propeller is bored, tapered and fitted to a corresponding 
taper on the shaft, which is provided with a retaining nut. 
e 
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Different Types of Keys used 


439 136330 


АЗИЯ 810 HO мума 


A39 ANNS 





A39 хазмызя 





Key Seat Clamps 





For laying out keyways and 
Easily put on 


scribing parallel lines on cir- 
and taken off of steel rules. 
Can be used also on com- 
bination square blades and 
straight edges (except Веусіеа 
Steel Straight Edges). 


cular pieces. 
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GIB KEYS DIMENSIONS 


G —B, approximately; 


H- и times diam. of bore up to 6 inches; for larger sizes, Н = Vj X bore; 
h —radius = l4 times diam. of bore, approx., but minimum value = 


L=length of hub-+14 inch. 
Taper 14 inch per foot. 


R — radius of shaft; 
B — breadth of key; 


5 —safe shearing strength of material in key; 
B = 14 times diam. of bore, up to б inches; for larger sizes, B —0.211 X bore, 


approximately; 


Ы аще жұ 


HR 


Keys of proportions given below are weakest in shear. 
Тһе safe twisting moment per inch of length of keys = RX BXS 


















Depth 
of 
Bore and Shaft | Width | Height; Key- | Rad. 
Diameter of Key | of Key| way h 
B H 
| 2 

1% to 1% м! % 3$ %6 
1% to 1% 38 | М M | Ж 
10% to 1% 38 | М % %6 
lito 1% %| 5% % и 
1% to 2% № | 3 5% 4 
2% to 2% 58 | 28 | 3% 38 
2% to 2% 5¢ | 1% | Те 38 
2% 2%] 34| 16 | M | $s 
21% to 3% з | 3 М 28 
3% to 33s | № 2 м 
3% to 354| 7s | 56 | їв | 14 
3! to 378 | 1 5% 5% 15 
316 to 414 | 1 Nie} Moe] le 
4% to 4?s | 11:| Mie} Из | 5$ 
406 to 424 | lls} 34 ӛз 5% 
41% то 514 5; 
596% to 53, i 
513% to 614 ја 
65% to 65 їв 
61% to 71, 18 


75% to 73, 
71345 to 83, 
81% to 93, 
915% to 103, 
1013 716 to 113, 
111316 to 123, 





Machining Eccentrics 


А simple eccentric can be 
machined on a straight man- 
drel having two sets of center 
holes as shown in Fig. (|. 
One set of centers is used for 
machining the concentric hub 
and the other set of centers 
is used for machining the 
eccentric part. 








3% inch, 


Safe Twisting Moment on 














Key per Inch of Length 
for 5= 

G ыны 
| 5000 7500 10,000 

М 630 940 1,250 
38 | 1,170 1,760 2,340 
36 1,410 2,110 2,810 
% | 2,190 3,280 4,380 
1$ ; 2,500 3,750 5,000 
5% 3,520 5,270 7,030 
5% 3,910 5,860 7,810 
34 5,160 7,730 | 10,313 
34 _ 5,620 8,420 | 11,250 
ig 7,110 | 10,660 | 14,220 
% 7,660 | 11,480 | 15,310 
1 9,380 | 14,060 | 18,750 
1 10,000 | 15,000 | 20,000 
1 11,950 | 17,930 | 23,910 
1 12,660 | 18,980 | 25,310 
lly 15,620 | 23,440 | 31,250 
1!j 18,910 | 28,360 | 37,810 
115 | 22,500 | 33,750 | 45,000 
1!» | 24,380 | 36,560 | 48,750 
13, | 26,250 | 39,380 | 52,500 
30,470 | 45,700 | 60,940 
36,090 | 54,140 | 72,190 
46,250 | 69,380 | 92,500 
57,660 | 86,480 | 115,320 
70,310 | 105,470 | 140,630 
76,560 | 114,840 | 153,130 











A Mandrel with Two Sets of Center 
Holes for Machining an Eccentric 


131 
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KEYSEATS IN SHAFTING 


PLAIN PLAIN ROUND ROUND 
MILLED END MILLED MIDDLE END DROP END 
KEYSEAT KEY SEAT KEYSEAT KEYSEAT 
aa 


2 bevarad m асты WIDTH 























DIMENSIONS 

Shaft Width Depth | Shaft Width Depth 

Diameter, Keyseat, Keyseat, | Diameter, Keyseat, Keyseat, 

Inches | Inches Inches | Inches Inches Inches 
“Square Flat | “Square Flat 
Key Key | Кеу Кеу 
Мада NONE AR % || 2%...... ТЕЙ ГИК % 
% % Ks За || 276 % % % 
% % % Ks | 2 5 % % % 
p^ % % %|2% 7 Ke % 
% % % Ke | 2% % % % 
1% % % Ms || 2% 34 3$ и 
% ...... %......% Bp euer 918 е % | 27% ..... 34 ...... % 4... и 
% М и »|з и х и 
ии зи мо MW и 
1% и % % || 3% % % и 
1% и % % j 3% % Ke % 
1% и и % | 37 % % % 
1. 555599: VA a рань Кылка à о ЦІ З Poe na € усағы И ка % 
1% % % и |3% % % % 
1% % %. 8 |3 24 7$ % Ks 
US % Міз% 1 и % 
ти % 316 % || 31% 1 и % 
1% % % % || 4 1 A % 
1% % Ms VE ШЕР M iuba 36 
T. з» ть ЖОЛКУ EET ж | 4% 1 VA % 
134 % % % || 4% 1 У, % 
11% A Л % | 4% 174 % Ks 
1% 5 и % || 4% 1% % Ks 
1% VA у е || 5 1% % Ks 
ӨГ ses tend UM denis 6 | 5M..... Wh idu os uus % 
2% и и % || 576 ти % Ks 
2% к M и ли X № 
2% и УЛ Xs || 534 1% А и 
24 A A Хв || 5!% 1% % A 
фу DR АЙ MPO ЕТ о S ue 1725 ады A али dees VA 








Unless otherwise specified all Keyseats will be made with Cutter 
Runouts. Round End Keyseats will be furnished only when designated. 


Be sure to specify Round End for Keyseat ends coming next to bearings. 


DEPTH 
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U. S. STANDARD STEAM, GAS AND WATER PIPE 


Diam. at End 
of Pipe 


Pipe Tap 
of Thread 


of Pipe 
. . |Length of 


of Pipe 


AtBott 
Outsidelof Thd, 


393 
‚622 
656 
‚816 
1.025 
1.283 
1.626 
1.866 
2.339 
2.819 
3.441 
3.938 
4.434 
4.931 
5.491 
6.546 
1.640 
8.534 
9.521 
10.645 


Note—The Taper of the Threaded Part is 1 in 16 
STANDARD DIMENSIONS OF COUPLINGS 


Inside Diam. 
Total Length 
Perfect Thread 


Size of 





. |Outside Diam, 


er uuc Феј сој 
Go 
S] 

S 

NJ mM 

nore 

Do 


r^ . + . 
оо с> 
КАЧ: 





Me MC er 
== 
зе53% 


- 








t9 C 00 00 -1 
е К 2 Сл N 


to 





Ф Ф ос л с и he I анна 
Oo ОО ОО ОО OO ОО Оо 00000000 


= 





Nom. 
Inside 
Dia. of 


Qo 00 02 OO оо OO 00 00 OO OO 00 OO OO 


Size of Size of Size of Size of Si f 
D T: Drill, | Drill, pe p 


rill, ap, Tap, 
No. No. No. Мо. Мо. 


%14 | 3g 14-11%} 1 
34-14 5% 1n 8 1%. 
-1М| 1% 2 -11%4| "2% 
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CAST IRON PIPES 


Nominal Weight of a Lineal Foot, 


Standard Dimensions for Nipples 


Without Flanges 


1x 


1' 

















199.42 


174.8 


138.06 




















67 65 | 76.70 
61.06 | 187.15 


127.78 | 147.28 
144.96 | 156.90 


144.96 | 162.60 


137.45 | 153.01 









111.83 


122.81 


100.18 





1.63 


Д 


[202.01 | 11.81 





1 
1 
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86.53 | 211.23 | 238.23 


152.79 | 179.32 | 206.17 | 233.32 | 260.78 


114.28 | 138.06 
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WEIGHT COMPUTING FORMULAS 
Round Hot Rolled or Cold Drawn Seamless Steel Tubing 


To determine the average wall weight of a tube: 
М = 10.68 (D — t) t 
To determine the minimum wall weight of a tube: 
t t 
W = 10.68 (D — ——)—— 
| 875 .875 
Where W = Welght In pounds per foot (carried to 4 digits) 
D = Outside Diameter In inches (to 3 decimal places) 
+ — Wall thickness In decimals (to 3 decimal places) 
All weights are carried to four digits only, the fifth digit being 
carried forward if five or over, or dropped if under five. 
Outside diameters and wall thicknesses are carried to three 
decimal places, the fourth decimal being carried forward if five or 
over, or dropped if under five. 


Hot Rolled and Cold Finished Steel Products 



















































Product | When Shown As энше үүө 
Thickness Width Length 
Structurals and| Wt. per Ft. | Inches Feet Wt./Lin. Ft.xL 
Bar Shapes Inches Inches Feet Wi./Lin. Ft xL 
Inches Inches | Inches .2833xTxWxL 
Plates, Strip Inches Inches Feet 3.4xTxWxL 
and Flats Inches Feet Feet 40.8xTxWxL 
USS. Ga. No. Feet Feet Wt./Sq.Ft.xWxL 
Wt. per Sq. Ft. | Feet Feet | Wi./Sq.Ft.xWxL 
Inches Inches | Inches | .2904xTxWxL 
Hot and C.R. Inches | Inches Feet 3.485xTxWxL 
Sheets Inches Feet | 41.82ХТхУ/хі 


USS. Ga. No. Feet 


Wt. per Sq. Ft. Feet 


Wt./Sq.Ft.xWxb 
Wt./Sq.Ft.x WxL 




















Thickness Diameter 
Plate Circles Inches Inches | .2225хТхр? 
Inches Feet 32.05хТхр? 
Sheet Circles Inches | Inches .228xTxD? 
Inches Feet | 32.85xTxD? 





Diameter Length 
Square Inches Feet 3.4xD?xL 


Round Inches Feet 2.67xD?xL 





Bars 














Hexagon Inches Feet | 2.945xD?xL 
Octagon Inches Feet 2.817xD?xL 
Outer 
Thickness Diameter Length 
Tubing Inches Inches Feet 10.68x(D-T)xTxL 








Symbols Used in Above Formulas Refer to the Following: 


Те и а Бани“ Thickness Le ae ke ИН ... Length 
| саас . Width Веня ...Diameter 
Wt./Sq. Ft.....Weight per Square Foot In Pounds 
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BRITISH STANDARD PIPE FLANGES 
As Published by the ENGINEERING STANDARDS COMMITTEE 


For Steam Pressure Up to 55 Lbs. For Water Pressure Up to 200 Lbs. Sq. Inch 











THICKNESS OF FLANGE 
Internal | Diameter | Diameter | Number | Diameter | Cast Iron and Cast Steel Stamped or 
Diameter |of Flange} of Bolt | of Bolts | of Bolts | Steel or Ігоп | and Bronze | Forged Wrought 


of Pipe Circle Welded on Iron or Steel 








ох 
о 


хх 


о 


BRON ARAL 





MO оо 00 00 00 00 00 00 00 н> „> HALA HLL PPP 


на а на а а а 


KK 





Bolt Holes, for 4% inch and Ж inch, the diameter of the holes to Бе 1% inch larger than the diameter 
of the bolts, and for the larger sizes ої bolts У; inch. Bolt holes to be drilled off center lines. 
м е &bove table does not apply to boiler feed pipes, or to other water pipes subject to exceptional 
shocks. 


For Steam Pressures Up to 125 Lbs., 225 Lbs. and 325 Lbs. per Square Inch 


Iron Welded on 


125 Ib. |225 Ib. |325 Ib. 


on) and Bronze 


125 lb. |225 Ib. 


















































V % | % 

% % % | 5$ 

58 $ | % и 

58 $$ % % БА 

5% 58| 5 34 

% 54 в 1 

$$ и в 1 8 

% и 1 14 % 

% X 1 14 34 94 | 1 
58 и и в | 1M 
КД 8 и %| 1% 
КД % % 14 
и % %| 1 14 
X % 78 | 1%] 1% 
% % 1 1% | 1% 
% 1 14 114 
UA 1 14 | 1% 
p^ 1%| 134 | 1% 
% 14 | 1% 1%| 1%| 1% 








The expansion for any length of pipe may be found by taking the difference in in- 
creased length at the minimum and maximum temperatures, dividing by 100 and multi- 
plying by the length in feet of the line under consideration. 
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NATIONAL (AMERICAN) STANDARD 
FIRE HOSE COUPLING SCREW THREAD 
Having Nominal Inside Diameters оё 2%, 3, ЗУ», and 4% Inches 








NIPPLE COUPLING SWIVEL 


Fig. 1 Typical Form of Standard Coupling 


Characteristics of the National Standard Fire-Hose Coupling 
Screw Thread 


Nominal inside diameter of hose coupling (C).... 2% 3 3% 
Number of threads per inch 7% 6 6 
Total length of threaded part of coupling and 
hydrant nipple, external thread (See L. Fig. 1). 1 1% 1% 
Distance from face of nipple to start of second. 
turn (See I, Fig. 1) и Зб 546 
Depth of coupling swivel to washer seat (See Н, 

Fig. 1) їв 1% 1% 
Distance from face of coupling swivel to start of 
second turn (See J, Fig. 1) Зб М 4 

. Depth of thread of coupling swivel (See T, Fig. 1) 1% 1% 1% 

Nipple (external thread) cylindrical to base of 


Coupling (internal thread) cylindrical to base of 


Outer ends of external and internal thread should 
be terminated by the “Higbee Cut" on full thread 
to avoid crossing and mutilation of thread. з 
11 American (National) Form of thread must be used. 


All dimensions given in inches. 





Limiting Dimensions for Threads of Coupling Swivels and Hydrant Caps (Internal) 

























No. of Min. Pitch Mino 
Nominal Threads Major Diameter Diameter 
Size Per Inch Diameter Max. Min. 
2.500 7.5 3.0836 3.0130° 2.9970 
3.000 6.0 3.6389 3.5486 3.5306 
3.500 6.0 1.2639 1.1736 1.1556 
1.500 4.0 5.7859 5.0185 5.6235 








АП dimensions given in inches. 


Limiting Dimensions of Threads of Coupling and Hydrant Nipples (External) 












































No. of Major Pitch Max. 
Nominal Threads Diameter Diameter Minor 
Size Per Inch Max. Min. Diameter 
2.500 7.5 3.0686 1.0366 
3.000 6.0 3.6239 3.5879 
3.500 6.0 1.2439 1.2079 
1.500 1.0 5.7609 5.7109 
All dimensions given in inches 
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STANDARD MANUFACTURING TOLERANCES 
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SPECIAL STRAIGHT FIXTURE PIPE THREADS 


EXTERNAL THREADS 
SIZES—DIMENSIONS IN INCHES 

















Major E Pitch T 

Pipe Number Diameter Diameter Toler- | Minor | Min. 

Size of ance Diam. | Length 
Inches 'Threads Max. Р, Б. Мах. of 

to Inch Max. Min. |(Basic) Min. Thread 
% 27 0.3989 0.3868 |0.3748 0.3708 | 0.004 | 0.3507 | 0.2638 
и 18 0.5260 0.5089 |0.4899 0.4849 0.005 | 0.4538 | 0.4018 
3% 418 0.6631 0.6460 |0.6270 0.6220 | 0.005 | 0.5909 | 0.4078 
% 14 0.8248 0.8033 |0.7784 0.7724 | 0.006 | 0.7320 | 0.5337 
34 14 1.0353 1.0138 10.9889 0.9829 0.006 | 0.9425 | 0.5457 
1 1115 1.2951 1.2692 |1.2386 1.2316 0.007 | 1.1821 | 0.6828 


























SPECIAL STRAIGHT FIXTURE PIPE THREADS 
INTERNAL THREADS 
SIZES— DIMENSIONS IN INCHES 






















Minor Pitch 
Diameter Diameter Min. 
Pipe 'Toler- | Major | Length 
Size ance Diam. of 





Min. B. 19, Min. | Thread 


(Basic) Мах. 


Inches 



















0.3748 0.3788 | 0.004 | 0.3989 | 0.2638 
0.4899 0.4949 | 0.005 | 0.5260 | 0.4018 
0.6270 0.6320 | 0.005 | 0.6631 | 0.4078 
0.7784 0.7844 | 0.006 | 0.8248 | 0.5337 
0.9889 0.9949 | 0.006 | 1.0353 | 0.5457 
1.2386 1.2456 | 0.007 | 1.2951 | 0.6828 





ALUMINUM PIPE SIZES 


Seamless Drawn Aluminum Tubes made to correspond with Iron Tubes and to fit 
Iron Tube Fittings. 


List of Sizes, Lengths, etc. 


WEIGHTS PER FOOT 














Same as Outside Inside 

Iron, Size Diameter Diameter | Aluminum Brass Copper 
. lbs. lbs. lbs. 
% .405 .270 s .083 27 .29 
и .540 .364 .145 ‚87 .39 
3% .675 .494 .193 .60 ‚64 
% .840 .623 .290 76 .80 
34 1.050 .824 387 1.22 1.28 
1 1.315 1.048 .577 1.63 1.74 
14 1.660 1.380 777 2.52 2.65 
1% 1.900 1.611 925 2.94 3.12 
2 2.375 2.007 1.24 4.28 4.53 
2% 2.875 2,468 1.98 5.58 5.92 
3 3.500 3.007 2.59 8.35 8.84 
3% 4.000 3.548 3.11 10.30 10.90 
4. 4.500 4.026 3.69 12.24 | 12.96 

| 
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Brown & Sharpe Taper Shanks 
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41.35 |.402| 134] 1 34| 1 26| 19| 1 |.228| 114 | .326| 76 | % | .056| 12.500 
5] .45 | 5229) 134| 294| 1 74| 116] 34 |.260| % | 420 x 5% | .060| 2 %|.500 
6| .50 | .599 | 2 34| 2316| 2 14| 21%) 7 |.291| 1% | .460| 96 | 5 | .060| 2 %|.500 
7|.60 | 425 |3 | 334) 3 у; 2195] 1% 1.322| 154 | .560| % | % | .070| 3!76|.500 
8|.75 | .8985| 3 % 4 | 81%) 8901 ,953| М | .710| пе | 34 |.080| 4 Ук|.500 
9|.90 [1.0667] 4 | 434| 4 4| 3 м 34 | .385| % | .860| 34 | 1% |.100| 4 56|.500 
10|1.0446|1.289 | 5176) 6 34| 51: 51741 5% | .447| 214 |1.01 | 1% | М | .110| 613%].5161 
111.225 |153 | 6 34] T'Y4| 6 %| 6%11% | .447| змо |1.21 | 7% | 14 | .130| 714,500 
1211.50 [1.797 | 7 34| 8 *&| 7 14) 6151 25 | .510| 34 |1.46 | 14 | 14 | .150] 7!%].500 
13]1.75 |2.0729] 7 | 8296| Т% 7 96)1 14 | .510| 34 |1710] 24 | 5% | .170] 8 9.500 
1412.00 |2.8437| 8 4| 9 241 8 34| 8 16116 | .572| 216 |1.960| % | 34 | .190| 9 5%].500 
152.25 |2.6145| 8 410 | 87| 8И И | .572| 27% |2.210| * | 76 |.210| 916.500 
162.50 |2.8855| 9 (10 14| 93%] 9 |17 | .635| 1% |2.450| 5% .230|10 34|.500 


"Inch 


T 
per 


.0416 
.0416 
-0416 
0416 
10416 
0416 
.043 

-0416 


:0416 
.0416 
.0416 
.0416 
.0416 





Brown & Sharpe Standard Tapers 


FOR SPINDLES, ARBORS, COLLETS, etc. 









No. of 
Taper 









Diam. at Small Diam. at Small Мо. of| Diam. 
End, Inches End, Inches Taper End, I 


at Small 
nches 
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Standard Taper Pin Reamers* 






























































































Diameter Diameter 
No. of at Large at Small teed я Length of No. of 
Taper | femen | Keamer | enne | Бадер | "ee іі 
Е 1) 
00000 0.0984 | 0.075 1-5/8 | 1-1/8 1/2 4 
0000 0.1140 0.088 1-3/4 1-1/4 1/2 1 
000 0.1296 0.101 2 1-3/8 5/8 4 
00 0.1452 0.114 2-1/4 1-1/2 3/4 4 
0 0.1608 0.127 2-3/8 1-5/8 3/ Ü 
1 0.1824 0.146 2-1/2 1-3/4 3/4 6 
2 0.2030 0.162 3 2 1 G 
3 0.2298 0 183 3-1/2 2-1/4 1-1/4 6 
4 0.2600 0.208 + 2-172 1-1/2 6 
5 0.3024 0.240 1-1/2 3 1--1/2 6 
5 0.3544 0.279 5 3-5/8 1–1/2 5 
т 0.4246 0.481 6 | 4-1/2 1-1/2 6 
У 0.5072 0.395 6-3/4 5-1/4 1-1/2 5 
9 0.6094 0.482 8 6-1/8 1-7/8 | $ 
10 0.7266 0.581 9 7 2 | 5 
по | 0.8776 | 0.705 |[11-1/4 | 8-1/1 | 3 E 
122 1.050 0.842 13-3/8 10 део вени 
15 1.2586 1.009 16 12 4 
14 1.5412 1.250 15-1/4 + 
ЖА 




















































| ~ Diameter К| Approx. P 
No. о ду бно Ма 
= к | Taper "eor І Ex Length 
+ іп 
| - +- 3 | 0219 7/39 | 1-37 
tmnt | 110] Ме r^ 
| 20 / 2 
Taper, М inch per foot 5 0.289 19/64 2-1/4 
- Diameter Е} Approx. ; 
Қыш at Large Fractional | Maximum 6 | 0.341 | 11/32 | 3 
Pin Bin ds L т |.0.400 | 13/32 | 3-3/4 
— 8 0 492 1/2 | 4-1/2 
00000 | 0.094 | 3/32 | 3/4 і | 
0000 0.109 |. тим туз лла рта 
000 0.125 | 1/8 |1 0 | 0.706 | 23/32 | 6 
00 0.141 | 9/64 | 1-1/8 "з". зв... | TALA 
0 0.156 | 5/32 | 1-1/4 12 1.032 |1-1/32 | 9 
1 0 172 | 11/04 | 1-1/4 13 1.241 |1-15/64 |11 
2 0.193 3/16 | 1-1/2 14 1.523 |1-33/64 13 




















While filing and polishing try work in gauge and use rub test 
with Prussian Blue to insure proper taper and fit. 


À cut of 8 thousandths will allow the gauge to go approximately 
34" farther on the work on either Jarno or Morse taper and approxi- 
mately те. on a Brown & Sharpe taper. 
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Rules for Figuring Tapers 


The taper per foot 
The taper per inch 
End diameters and length 


of taper in inches 


Large diameter and length 
of taper in inches and 
taper per foot 


Small diameter and length 
of taper in inches, and 
taper per foot 


Тће taper per foot and two 
diameters in inches 


'The taper per foot 





The taper per inch 
The taper per foot 


Тће taper per foot 


Diameter at small end in 
inches 


Diameter at large end in 
inches 


Distance between two given 
diameters in inches 


Amount of taper in a certain 
length given in inches.... 





Divide the taper per foot by 12. 


Multiply the taper per inch by 12. 


Subtract’ small diameter from 
large; divide by length of taper, 
and multiply quotient by 12. 


Divide taper per foot by 12; 
multiply by length of taper, 
and subtract result from large 
diameter. 


Divide taper per foot by 12; 
multiply by length of taper; 
and add result to small 
diameter. 


Subtract small diameter from 
large; divide remainder by 
taper per foot, and multiply 
quotient by 12. 


Divide taper per foot by 12; 
multiply by given length of 
tapered part. 





TAPERS PER FOOT, AND CORRESPONDING ANGLES 





jobs de da de de ФА 22 00 CO 62 RUN МО БО ВО ОТО m OOOS OOO 
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Arthur Morgan Trucking Co. 


TRANSFER, DRAYAGE AND FORWARDING 
Machinery Moving, Hoisting and Erecting 


We are authorized to Operate by the “Our Watchword" 
Interstate Commerce Commission 
and 
Public Service Commission 
over the highways of 
MISSOURI, ILLINOIS, TENNESSEE 
AND KENTUCKY. 


"For Апу Load That Fits 
the Road" 


Call ARTHUR MORGAN 


2923 NORTH BROADWAY 
Saint Louis, Missouri CEntral 6391 
Arthur L. Morgan, Jr., Gen. Mar, 


This method cannot be 
used for boring tapers. 


The amount the tailstock top 
must be set over depends on the 
amount of the taper per foot and 
the over-all length of the work. 
With the same amount of setover, 
pieces of different lengths will be 
machined with different tapers, as 
shown in Fig. 1 Notice that 
the tailstock center is set over 
one-half the total amount of the 
taper for the entire length of the Fig. 1 Machining a Taper with the Tail- 
work. stock Top Set Over 














Fig. 2 With the Tailstock Set Over the Same Amount, Pieces of 
Different Lengths are Machined with Different Tapers 


AVIDE | 
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Morse Tapers 
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Brown & Sharpe Standard Taper Holes 
FOR SPINDLES, COLLETS, ETC. 





Approx. Diam. 
at Li 


arge End, 





COMP^UND 
FOR WELDING 


CAST STEEL. 








Approx. Diam. rox. Diam 
at La 


Ap 
rge End, at 


Mix 41 parts of boracie acid, 35 parts of pure, 
dried common salt, 20 parts of ferrocyanide of 
potassium, 8 parts rosin and 4 parts carbonate 
of sodium. When this eompound is to be used, 
a sufficient quantity is scattered upon the arti- 
cle to be welded, which has been heated to a 
light red heat. It is then heated to a strong 
yellow heat and the welding aecomplished in the 
usual manner. 
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Jarno Taper Shanks 





UNIVERSAL MACHINISTS HANDBOOK 


S. А. E. TAPER DIMENSIONS 


-КЕУУ/АУ PARALLEL TO TAPER 











Nominal 
Diameter 
Inches 





М E 
р % 
% % 
% 5 
БА 1 

% 14 
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pth 
Inches 


ZRSSRZREESSZERSRZEESS 


of Socket |SmaH Епа! De 
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TAPERS FROM 1-16 TO 1 1-4 INCH PER FOOT 
AMOUNT OF TAPER FOR LENGTHS UP TO 24 INCHES 











TAPER PER FOOT 














Tues i 

рег! 

Inches 1-16 | 3-32 1-8 1-1 3-8 | 1-2 
1-32 |.0002 1.0002 .0003 |.0007 |.0010 | .0013 
1-16 |.0003 |.0005 |.0007 1.0013 |.0020 | .0026 
1-8 |.0007 |.0010.0013 1.0026 .0039 | .0052 
3-16 |.0010|.0015 1.0020 |.00391.0059 | .0078 
1-4 |.00131.00201.00261.0052|.0078| .0104 
5-16 |.0016|.0024:.0033 |.0065 |.0098 | .0130 
3-8 |.00201.00291.00391.0078|.0117| .0156 
7-16 |.0023.0034.00461.00911.0137| .0182 
1-2 |.00261.0039|,0052.01041.0156| .0208 
9-16 |.0029}.0044].0059].0117].0176! .0234 
5-8 1|.0033|.00:191.0065|.01301.0195| .0260 
11-16}.0036}.0054].0072|.0143}.0215] .0286 
3-4  |.00391.00591.00781.01561.0234 | .0312 
13-16).0042|.0063/.0085 |.0169/.0254 | .0339 
7-8 |.0016|.00601.00911.01821.0273| .0365 
15-16).00-19/.007 3|.0098 |.0195/.0293 | .0391 

1 .0052/.0078/.01011..0208/.0312| .0.17 
2 .0101/1.0156/.0208].0417|.0625| .0833 
З .0156/.0234/.0312].0625|.0937| .1250 
4 .0208/.0312/.04417.0833|.125 | .1667 
5 .0260/.0391|.0521/.1042/.1562| .2083 
6 .03121.04691.0625|.125 |.1875 | .250 

Я .0365|.0547|.0729|.1458|.2187| .2917 
8 04171.0625|.08531.16671.250 | .3333 
9 .0469/.0703].0937].1815|.2812| .375 

10 .0521/.0781/.10.12).2083].3125| .1167 

11 .0573.0859|.1146/.2292].3137| .1583 

12° .0625|.0931|.125 |.250 1.375 | -500 

13 .0677].1016).135-4].2708) 1062) 5117 

14 -0729/.1091/.1158).2917).4375 | 5833 

15 .0781/.1172/.1562/.3125/. 1687 | .625 

16 .0833/.125 |.1667].3333].5C0 | .6067 

7 .0885|.1328].1771].2542].5312| .7083 

18 -0937).1106].1875].3750].5625] .750 

19 0990}. 1-18. 1].1979].3958].5937] .7917 

20 .10121.15621.2083|.11671.625 | .8333 

21 10911.16111,2187|,43%5|.6562| .675 

22 .11161.1719|,22921,1563|.68%5| .9167 

23 .11981.17971.23961.17921.71871| .9583 

21 .125 |.18751. 150 [1.000 
































5-8 


.0016 
.0033 
.0065 
.0098 
.0130 
.0163 
.0195 
.0228 
.0260 
.0293 
.0326 
.0358 
.0391 
.0423 
.0456 
.0488 
.0521 
.1042 
1302 
.2083 
.2604 
„3125 
.3616 
1167 
1687 
5208 
5729 
695 
6771 
299 
7812 
8333 
885.1 
9375 
9896 
1.0117 
1.0937 
|. 1158 
1.1970 











1.250 


































3-4 1 114 
.0020| .0026| .0033 
.0039! .0052| .0065 
.0078| .0104| .0130 
0117| .0156| .0195 
.0156| .0208| .0260 
.0195| .0260| .0326 
.0234| .0312| .0391 
.0273| .0365| .0456 
0312) .0417| .0521 
.0352| .0469| .0586 
-0391| .0521| .0651 
0430 | .0573| .0716 
0169) .0625| .0781 
.0508| .0677| .0846 
.0547| .0729| .0911 
.0586| .0781| .0977 
.0625| .0833| .1042 
.125 | .1667| .2083 
.1875| .250 | .3125 
E .3333| .4167 
.3125| .4167| .5208 
S 500 | .625 
A375} .5833| .7292 
500 | .6667| .8333 
5625| .750 | .9375 
.625 | .8333|1.0117 
68751 .916711.1458 
‚750 |1.000 [1.250 
.812511.083311.3512 
.875 |1.1667|1.1583 
9375] 1.250: [1,5625 
1.000 |1.3333) 1.6667 
1.0625 |1.1167 |1.7708 
1.125 |1.500 |1.875 
1.1875 11.5833 11.9192 
1.250 |1.6667 |2.0833 
1.3125 1.750 1875 
1.375 П.83332.2 
1.1375 11.916 
1.500 |2.000 








Milling Machine Standard Tapers 
as adopted by the Milling Machine Manufacturers of the 
National Machine Tool Builders? Association 
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Na. of. NN Б. "Threaded End of 
TO SHARP CORNER ‘Taper a Draw-In Bolt 

TAPER 3ÀiN PER FOOT x 10 5-8| 3-8 
| sp | т8| ње 
30 ТЕ 5-8 

гене қ f 1-27 13 №.С., В.И. 

T 40 [13-11 15-8 И N.C. В.И. 

50 |> 3-11 9-16 Ti adi Iur 

STO *End of Draw-In Bolt is threaded with 





005-0 two sizes of thread. The larger size thread 

is used in threaded hole in Arbors and in 

Adapters where possible, but limitations on certain Adapters require the use of a 
threaded hole to fit the smaller Threaded End of the Draw-In Bolt. 
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How to Calculate Amount of Setover for Tailstock 


Tapers are usually specified in “іпсһев per foot." For example 
some Brown & Sharpe tapers are % in. per foot. To machine a Brown & 
Sharpe taper of 9% in. per foot on a shaft exactly one foot long, the 


center should be set over М in. or .250 in. 


If the piece is only 10 in. 


long, then the amount of setover would be {3 of .250 in. or .208 in. 
The following rules may be used for calculating the amount of setover: 


Taper IN INCHES PER Foor GivkN—Divide the total length of the 
stock in inches by twelve and multiply this quotient by one-half the 
amount of taper per foot specified. The result is the amount of setover 


in inches. 


DIAMETERS AT ENDS OF TAPER GiveN— 
Divide the total length of the stock by 
the length of the portion to be tapered 
and multiply this quotient by one-half the 
difference in diameters; the result is the 
amount of the setover. 


Adjusting the Tailstock Center 


To set over the tailstock center for 
taper turning, loosen clamping nut of 
tailstock and back off set screw "С," 
illustrated the. distance required; then 
screw in set screw “F” a like distance 
until it is tight, and clamp the tailstock 
to the lathe bed. 


Measuring the Setover 


To measure the setover of the 
tailstock center, place a scale hav- 
ing graduations on both edges 
between the two centers, as shown. 

This will give an 
approximate measurement. 


Fitting Tapers to Gauges 


The best way to machine an 
accurate taper is to fit the taper 
to a standard gauge. To test the 
taper, make a chalk mark along 
the entire length of the taper, 
place the work in the taper it is 
to fit and turn carefully by hand. 
Then remove the work and the 
chalk mark will show where the 
taper is bearing. 

If the taper is à perfect fit, it 
will show along the entire length 
of the chalk mark. If the taper is 
not perfect, make the necessary 
adjustment, take another light 
chip and test again. Be sure the 
taper is correct before turning to 
the finished diameter. 











Morse Standard Taper Plug Gauge 
and Socket Gauge 
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ee) T 
12° 
“| ] 
о" i” 2* з" 4 5" 6" 7” 8" 9” 10" 11" 
B | | : 

м кре | | 
Heights Angle | Angle | Angle | Angle | Angle | Angle | Angle | Angle | Angle | Angle | Angle | Angle 
nches — кеннен 2 

ы Е ы Е бъ сы Е ae Е | mo] Е |] wl] Е |] wm] Е | юе [Бы d 
о |i o E - о |: Ф = © = о |i: o |: o = o = o д Ф Rel 
4151815121510215 12 г ајг а гја| 2 ајгзја| згја|2|ај|2 

о |....|....| 4145| 9| 28114 | 03 | 18 | 26 | 22 | 37 | 26 | 34 | 30 | 15 | 33 | 42 | 36 | 52 | 39 | 48 | 42 | 31 
1% 0|09| 4155 | 9| 37 | 14 | 11| 18 | 35 | 22 | 45 | 26 | 41 | 30 | 22 | 33 | 48 | 36 | 58 | 39 | 54 | 42 | 36 
% 0|18| 5|04| 9 45 14| 19 18 | 43 | 22 | 53 | 26 | 49 | 30 29/33 | 54 | 37 | 04 | 39 | 59 | 42 | 40 
% 0| 27| 5 12| 9| 54 | 14 | 28 | 18 | 50 23 00 26 55 30 35) 34 | 00 | 37 | 10 | 40 | 05 | 42 | 45 
M 0|36| 5 20| 10| 02 | 14 | 36 18| 59 | 23 | 08 | 27 02 | 30 | 42 | 34 | 07 | 37 | 15 | 40 | 10 42 | 50 
$$ 0|45| 5| 31 | 10 12| 14 | 45 19| 07 | 23| 15 | 27 | 10| 30 | 49 | 34 | 13 | 37 20 40 | 15 42 55 
% 0|54| 5|39|10|20| 14 | 53 | 19| 15 | 23 | 23 | 27 17 30 | 56 | 34 18 | 37 | 26 40 20 43 | 00 
% 1|02| 5|48|10|29|15|01| 19] 23 | 23 | 30 27/24 31 02 | 34 | 24 | 37 | 32 40 25 | 43 05 
M 1111| 5 | 57| 10 38| 15 | 09 19 | 30| 23 | 38 | 27 | 30 | 31 | 09 | 34 | 30 | 37 | 38 | 40 | 30 | 43 | 10 
% 1|20| 6|06|10|46| 15 | 18 | 19| 38 23/46 | 27 | 38 | 31| 15 34 | 37 | 37 | 43 | 40 | 35 | 43 | 14 
% 1|30| 6|15|10|55|15| 26 | 19 | 46 | 23 53| 27 45 | 31| 22 | 34 | 43 37 | 49 | 40 | 40 | 43 19 
йе | 1138| 6 24 111 04| 15 | 34 | 19| 54 | 24 | 00 | 27 | 52 | 31 | 28 | За | 49 | 37 | 55 | 40 | 46 | 43 | 24 
% 1|47| 6| 32| 11| 12| 15| 42| 20| 02| 24 08| 27| 58 | 31 | 35 | 34 | 55 | 38 | 00 | 40 | 51 43 28 

у ве | 1/57] 6 41| 11] 20 15 51| 20 | 10| 24 16 28 06 | 31 | 41 35 | 00 | 38 05 | 40 | 56 | 43 | 33 

% 2|06| 6 50 11| 29 16 | 00 | 20 18 | 24 | 23 | 28 | 13 | 31 | 48 | 35 | O7 | 38 | 11 | 41 | O1 | 43 | 38 
í | 2|15| 6 59 11| 38 | 16| 08 | 20| 26 | 24 | 30 | 28 | 20 | 31 | 54 | 35 | 13) 38 | 16 | 41 06 | 43 | 42 
М 2|24| 7| 08] 11] 46 | 16 | 16| 20| 34 | 24 38 | 28 | 27 | 32 | 00 | 35 19 38 | 22 | 41 | 11 | 43 | 47 

№ па | 2|33| 7] 16| 11| 55| 16| 24 | 20| 41| 24 45 28 | 34 | 32 | 07 | 35 | 25 | 38 | 27 | 41 | 16 | 43 1 51 

pa 2|41| 7] 25| 12 | 03 | 16| 32 | 20| 49 | 24 53 | 28 | 41 | 32 | 14 | 35 | 31 | 38 | 33 | 41 | 21 | 43 | 56 
зе | 2|50| 7]34|12|12| 16 | 40| 20| 57 | 25 00| 28 | 48 | 32 | 20 | 35 | 36 | 38 | 39 | 41 | 26 | 44 | 01 
% 2|59| 7 43] 12| 20| 16| 49| 21| 05 | 25 08 28| 55 | 32 | 26 | 35 | 42 | 38 | 44 | 41 | 31 | 44 | 06 
5s | 3|08| 7|52|12|30|16|57|21| 12) 25 | 15 | 29 | 02 | 32 | 32 | 35 | 48 | 38 | 50 | 41 | 37 | 44 | 10 
ug 3|17| 8] 00 12| 38 | 17 | 05 21| 20 25 | 22 | 29 | 08 | 32 | 38 | 35 | 55 | 38 | 55 | 41 | 41| 44 | 15 
за | 3|26| 8|09|12|46|17|13|21| 28) 25 | 29 | 29 | 15 | 32 | 45 | 36 | 00 39 | 00 | 41 | 46 | 44 | 20 
M 3|35| 8|18|12|55| 17 | 21 | 21 | 35| 25 | 37 | 29 | 22 | 32 | 51 | 36 | 06 | 39 | 06 | 41 | 51 | 44 | 24 
BY 3 | 44 8 | 27 | 13 | 04 | 17 | 30 | 21 | 44 | 25 | 44 | 29 | 28 | 32 | 58 | 36 | 12 | 39 | 11 | 41 | 56 | 44 | 29 
Lg 31521 81351 13| 12 | 17 | 38 | 21 | 52 | 25 | 51 | 29 | 35 | 33 | 04 | 36 | 17 | 39 | 16 | 42 | 01 | 44 | 33 
"а | 4101) 8 2 06 | 44 | 38 
24 4/10) 8 11 | 44 | 42 
зе | 4/20] 9 16 | 44 | 47 
% 4|28| 9| 21 | 44 | 51 

16 | 4137! 9 26 | 44 | 56. 

Metric Threads 
| 
Metric threads can be cut through the quick change gear box 
by the addition of compound gears between the drive gear on the 
і head and the gear on the feed box. 
| Size Com d 
| poun 
1 Lathe Gars Range of Threads 
10* 127T— 90T УХ M. M. Pitch to 334 M. M. Pitch 
| 13"--15" 127T—120T 1 M. M. Pitch to 7 M. M. Pitch 
17*—19* 127T—120T зу M. M. Pitch to 16 M. M. Pitch 
21'—24* 1277—1207 203 M. M. Pitch to 24 M. М. Pitch 
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Lengths of Circular Arcs 


Degrees and Radius of Circle Being Given. 


3.1416 
Formula:—Length of Атса = 7180 X Radius x 


number of degrees. 
Rule:—Multiply the factor in the table for any 


Example:—Given, a curve of a radius of 55 ft. 
and an angle of 78? 20’, what is the length of the Arc? 


Factor in the table for 78^ = 1.361356 
Factor in the table - 20' = .005817 


Factor = 1.367173 











































































































































given number of degrees by the radius. 1.367173 X 55ft. — 75.19 ft. 
Degrees Г Min 
1 1.064650| 91 |1.5882491121 2.1118481151 2.635447 1 | .000290| 31 | .009017 
2 1.082104| 92 |1.605702|122 2.129301|152 2.652900| 2 | .000581| 32 | .009308 
3 1.099557| 93 |1.623156|123 [2.146755|153 (2.670353|| 3 | .000872| 33 | 1009599 
4 1.117010| 94 |1.640609 |124 2.1 164208 |154 B 687807|| 4 | .001163| 34 | .009890 
5 1.134464 | 95 |1.658062|125 2.181661|155 2.705260|| 5 | .001454| 35 | .010181 
6 1.151917] 96 1.675516|126 |2.199114|156 2; 722713|| 6 | .001745| 36 010472 
7 1.169370] 97 1.692969 |127 12.216568|157 2.740166! 7 | .002036| 37 | .010762 
8 1.186823| 98 11.710422|128 |2.2340211158 2.757620 8 | .002327 | 38 | .011053 
9 1.204277| 99 11.727876|129 2.251474|159 2.775073|| 9 | .002618| 39 011344 
10 1.221730(100 1.745329 130 2.268928 160 2.792526|| 10 | .002908| 40 | .011635 
11 il. 183|101 |1.762782|131 |2.286381|161 2.809980|| 11 | .003199| 41 011926 
12 11.256637 |102 1. 780235|132 2.303834|162 2.827433|| 12 | .003490] 42 012217 
13 1.274090|103 |1.797689|133 |2.321287|163 |2.844886 13 | .003781| 43 | .012508 
14 11.291543|104 |1.815142|134 2.338741|164 2.862340|| 14 | .004072| 44 012799 
15 1.308996|105 |1.832595|135 2.356194|165 2.879793|| 15 | .004363| 45 | .013090 
16 1.326450|106 |1.850049|136 2.373647|166 |2.897246|| 16 | .004654| 46 013380 
17 1.343903|107 |1.867502|137 |2.391101]167 |2.914699|| 17 | .004945| 47 013671 
18 1.361356|108 |1.884955|138 2.4085541168 2.932153|| 18 | .005236| 48 | .013962 
19 1.378810|109 |1.902408|139 2.426007|169 2.949606|| 19 | .005526| 49 014253 
20 |1.396263}110 |1.919862|140 2.443461|170 2.967059| 20 | .005817| 50 014544 
21 1.413716 111 |1.937315 141 2.460914|171 2.984513|| 21 | .006108| 51 014835 
22 1.431170|112 |1.9547681142 |2.478367|172 3.001966|| 22 | .006399 | 52 | .015126 
23 1.448623|113 |1.972222|143 |2.495820|173 3.019419 23 | .006690| 53 015417 
24 1.466076|114 |1.989675|144 2.513274|174 3.036872|| 24 | .006981| 54 015708 
25 11.483529|115 2.007128|145 2.530727|175 3.054326 25 | .007272| 55 | .015998 
26 lo 83|116 |2.024581 |146 2.548180 176 |3.071779|| 26 | .007563| 56 016289 
27 one 117 |2.042035|147 2 .565634|177 2089232 27 | .007854 | 57 016580 
28 1.2 91118 |2.059488 148 2.583087 178 |3. 106686 || 28 | .008144| 58 | .016871 
29 1.553343|119 |2.076941]|149 26005140 79 3. 1241391| 29 | .008435| 59 017162 
30 1.5707961120 !2.0943951150 12.617993|180 3.141592! 30 | .008726| 60! .017453 
1 1 
Decimals ої a Foot for Each Y2: of an Inch 
Inches; | 0 1 2 | 3 6 7 | 8 11 
0 0.0 (0.0833 0.1667 0.2500 29932 7 |0.5000 (0.5833 0.6667 0.9167 
1% . 0026 .0859 | .1693 | .5026 .5859 .6693 9193 
116 .0052 .0885 .1719 2; 5885 .6719 9219 
3% .0078 .0911 1745 a 21% . 6745 У 8 9245 
M .0104 .0937 1771 .2604 | .3437 .6771 . 7604 9271 
.0130 . 0964 1797 t 2080 | .7630 9297 
.0156 .0990 .1823 42 У 5 ) 
.0182 .1016 1849 5 2682 i M .6016 $ 
. 0208 . 1042 1875 .2708 Қ | 5208 . 6012 687! 5 
9% .0234 .1068 | .1901 .2734 .6068 .6901 8568 ‚9: Ot 
^i .0260 1094 .1927 .2760 . 6094 .9 
Mey .0286 1120 .1953 .2786 .6120 à 1945 3 
33 . 0312 1146 ; 1979 .2812 | . 6146 . 8646 .9479 
о .0339 1172 . 2005 .2839 А .6172 .8672 (2500 
7% .0365 1198 .2031 .2865 | .6198 ГО: 8698 2531 
18% . 0391 1224 . 2057 . 2891 | .6224 | .7057 8724 "a8 557 
E .0417 1250 | .2083 .2917 | .6250 | .7083 8750 .9583 
. 0443 . 1276 .2109 .2943 | .3776 .4609 | .6276 7109 .7943 .8776 «9609 
.0469 .1302 2135 .2969 | .3802 .4635 | .6302 7135 4 7909 .8802 У 35 
‚0495 .1328 2161 .2995 .3828 .4661 | 4 5 7161 «1995 28828 "9661 
5; .0521 21354 2188 3021 | .3854 21688 | .6354 7188 "$021 8854 .9688 
.1380 | .2214 .3047 .3880 | 24714 .6380 7214 .8047 . 8850 .9714 
. 1106 .2240 „3073 Р 3906 24740 | -6406 7240 .8073 .8906 .9740 
.1432 .2266 .3099 256 241766 | .6432 7266 . 5099 :3982 .9766 
. 1458 2292 23125 . 39: Bs 702 . 6458 : 2292 „8125 .8958 9792 
1484 3151 .3981 | ARIS | .5651 | .6484 7318 AI 51 .8984 .9818 
1510 «lad .A010 24844 5677 .6510 27344 .9010 .9844 
1536 3203 . 1036 ARTO 5703 .6536 Г .9036 .9870 
1562 .3229 .4062 . A896 5729 | .6562 . 9062 .9896 
.1589 | .2122 | .3255 | .4089 24922 6589 1422 .9089 ,9022 
41015 .2448 $1 | 21115 | .4948 | .: 6615 ТАЛА ;9115 .9948 
„1641 | .2174 3307 | .4141 A974 25807 .6611 7171 .9141 .9974 
npe | МЕЕ ACA ode түтү. уды у 11.0000 
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Areas and Volumes 


Plane Surfaces 


CIRCLES 
Let R = radius, L = length of arc, = chord of the arc, 
D = diameter, V = Rise, or height of arc, 5 = chord of V4 the arc 
CODES Lg very nearly 
C = 24/2 —V? = 24/(D-V) XV 
NC Ee _ Зз + С 
с = Ур ХУ кы тт 
c2 C2 c2 
Dey = yy UT 
diis Area of a circle = Л R2 = 3.1416 R2 
Fig. 500-517. Area of sector of circle = Arc of sector X 15 radius = 161, Р 
SPHERES: Area of Sphere = 4 X Area of a great circle = л D2 
лрз 


Volume of Sphere 


ELLIPSE: Area = 
Area = 
-4/S(S—A)(S—B)(S—C) S= 
Sum of area of its 2 triangles. 

L5 sum of parallel sides X perpendicular height. 
— Base X perpendicular height. 

14 Sum of Sides X Inside radius. 


TRIANGLES: 


TRAPEZIUM: Area = 
Area — 
PARALLELOGRAM: Area 
REGULAR POLYGON: Area = 


TRAPEZOID: 


— Area X one third radius — 





М л AB, A and B being length and breadth respectively. 


15 Base 


X altitude 





1% Sum of 3 sides, A, B and C. 


Lateral Surfaces (S) and ышна (V) of Miscellaneous Solids 








Prism, Right or 
Oblique, Regular 
or Irreguler. 


Cylinder, Right or 
Oblique, Circular 
or Elliptical. 


Frustum of Апу 
Prism or Cylinder. 


Pyramid or Cone, 
Right and Regular 


Pyramid or Cone, 
Right or Oblique, 
Regular or Irreg. 


Frustum of Pyra- 
mid ór Cone, Right 
and Regular, 
Parallel Ends. 


Frustum of Апу 
Pyramid or Cone, 
Parallel Ends. 


Wedge, 
Parallelogram 
Face 


[perimeter, P, perpendicular to sides X lateral length, 1] «РІ 
h 





$ = [area of base, B, X perpendicular height, hl = 
У = [атса of section, А, perpendicular to sides X lateral length, 1] 
= Al 
S — [perimeter, P, perpendicular to sides X latera length, 1] — P1 
V — [area of base, B, X perpendicular height, h] =1Bh 
V E of section, A, perpendicular to sides X laterallength, 1 
= А 
S = [perimeter of base, P, X perpendicular height, В] = Ph 
S = [perimeter, Py, perpendicular to sides X lateral length, 1 
= Pl 
V= area of base, B, X perpendicular height, h| = Bh 
V = [area of section, A, perpendicular to sides X lateral length, 1 
= А1 
У = [area of base, B, X perpendicular distance, Б, from base to 
center of gravity ОЕ opposite face! = Bh 
For cylinder: = МА (1 + 1) 
S = [perimeter of base, P, X 14 slant height, 1] = У; Pl 
V — [area of base, B, X ү perpendicular height, Б) = ¢ Bh 
У = [area of base, B, X М perpendicular height, В] = М Bh 
У = [$ volume of prism or cylinder of same base and perpen- 
dicular height] 
(sum of рене of base, P, and top, p) X !4 slant height, 1! 





= 341 (P +p) 
У = МЕ of areas of base, B, and top, b, + square root of their 
products) X 5 perpendicular height, h] 


= igh (B +b + VBb) 


= [(sum of areas of base, B, and top, b, + square root of their 
products) X М perpendicular height, h 


- ув (B + b + VBb) 


= (Ж (sum of three edges, a b a, X perpendicular height, h, X 
perpendicular width, d)) = аһ (2a +b) 


(“Кепе” and ‘‘Carnegie’’) 
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TABLE FOR CONVERTING MINUTES INTO 
DECIMALS OF A DEGREE 












































| Dec. of | . Dec. of | 2 Dec. of | Dec. of | Dec. of 
Min. Degree | Min. Degree | Min. Degree | Min. | Degree | Min. Degree 
|| | 
М | 0.00416 | 124 0.20416 24M 0.40416 | 3614 | 0.60416 | 4814 | 0.80416 
l6 0.00833 1215 0.20833 24% 0.40833 | 36% | 0.60833 | 4814 | 0.80833 
КА 0.01250', 1234 0.21250 | 2434 0.41250 | 3634 | 0.61250 | 4834 | 0.81250 
| | || 
1 0.01666 | 13 0.21666 | 25 0.41666 | 37 0.61666 | 49 0.81666 
14 0.02083 | 134 0.22083 | 25M 0.42083 37% | 0.62083 | 4914 | 0.82083 
1% 0.02500 | 13% 0.22500 25% 0.42500 | 3715 | 0.62500 | 4914 | 0.82500 
1% 0.02916 | 13% 0.22916 | 2584 0.42916 | 3734 | 0.62916 | 4934 | 0.82916 
| | | | 
2 0.03333 | 14 0.23333 | 26 0.43333 | 38 0.63333 | 50 0.83333 
24 0.03750 1 144 0.23750 | 264 0.43750 | 3814 | 0.63750 | 5014 | 0.83750 
2% 0.04166 | 14% 0.24166 26% 0.44166 | 38% | 0.64166 | 50% | 0.84166 
2% 0.04583 | 1434 0.24583 | 2634 0.44583 | 3834 | 0.64583 | 5034 | 0.84583 
3 0.05000 | 15 0.25000 27 0.45000 | 39 0.65000 | 51 0.85000 
зи 0.05416 | 15K 0.25416 274 0.45416 | 3914 | 0.65416 | 5114 | 0.85416 
31$ 0.05833 | 15% 0.25833 | 27% 0.45833 | 39% | 0.65833 | 5115 | 0.85833 
3% 0.06250 | 15% 0.26250 | 27%4 0.46250 | 3934 | 0.66250 || 5134 | 0.86250 
| | | 
4 0.06666 | 16 0.26666 | 28 0.46666 | 40 0.66666 | 52 0.86666 
44 0.07083 | 1614 0.27083 | 28% 0.47083 | 4014 | 0.67083 | 52!4 | 0.87083 
415 0.07500 | 16% 0.27500 | 28% 0.47500 | 40% | 0.67500 | 52% | 0.87500 
434 0.07916 1634 0.27916 | 2834 0.47916 | 4034 | 0.67916 | 5234 | 0.87916 
5 0.08333 17 0.28333 | 29 0.48333 \ 41 0.68333 | 53 0.88333 
5% 0.08750 17“ 0.28750 | 294 0.48750 | 4114 | 0.68750 | 5314 | 0.88750 
515 0.09166 17% 0.29166 | 29% 0.49166 | 4115 | 0.69166 | 53% | 0.89166 
534 0.09583 | 1734 0.29583 2934 0.49583 | 41% | 0.69583 | 5334 | 0.89583 
| 
6 0.10000 18 0.30000 | 30 0.50000 | 42 0.70000 | 54 0.90000 
614 | 0.10416 , 1814 | 0.30416 | 30)4 | 0.50416 | 4214 | 0.70416 | 5414 | 0.90416 
6% 0.10833 18% 0.30833 | 30% 0.50833 | 42% | 0.70833 54% | 0.90833 
634 0.11250 1834 0.31250 | 3034 6.51250 | 4234 | 0.71250 | 5434 | 0.91250 
7 0.11666 19 0.31666 | 31 0.51666 | 43 0.71666 | 55 0.91666 
1% 0.12083 | 1914 0.32083 | 314 0.52083 | 4314 | 0.72083 | 5514 | 0.92083 
74% | 0.12500 | 19% | 0.32500 | 31% | 0.52500 | 43% | 0.72500 | 55% | 0.92500 
734 | 0.12916 | 1934 0.32916 | 3134 | 0.52916 | 4334 | 0.72916 | 5534 | 0.92916 
|| i | 
8 0.13333 | 20 0.33333 | 32 0.53333 | 44 0.73333 | 56 0.93333 
814 | 0.13750 | 2014. | 0.33750 | 324 | 0.53750 | 4424 | 0.73750 | 5634 | 0.93750 
8% 0.14106 | 20% 0.34166 | 32% 0.54166 | 4414 | 0.74166 | 5614 | 0.94166 
8% 0.14583 | 20% 0.34583 | 3234 0.54583 | 4434 | 0.74583 | 5634 | 0.94583 
9 0.15000 | 21 0.35000 33 0.55000 | 45 0.75000 | 57 0.95000 
9м 0.15416 | 2114 0.35416 3314 0.55416 | 4514 | 0.75416 || 5714 | 0.95416 
9% 0.15833 | 21% 0.35833 33% 0.55833 | 45% | 0.75833 57% | 0.95833 
934 | 0.16250 | 21% | 0.36250 | 3334 | 0.56250 | 45% | 0.76250 | 5734 | 0.96250 
|| 
10 0.16666 | 22 0.36666 34 0.56666 | 46 0.76666 | 58 0.96666 
104 0.17083 | 221% 0.37083 34% 0.57083 | 4614 | 0.77083 | 58% | 0.97083 
1015 0.17500 | 221% 0.37500 34% 0.57500 4612 | 0.77500 | 5844 | 0.97500 
1034 0.17916 | 2234 0.37916 3434 0.57916 | 4634 | 0.77916 | 5834 | 0.97916 
|| || 
11 0.18333 23 0.38333 || 35 0.58333 | 47 0.78333 | 59 0.98333 
2114 | 0.18750 | 23% | 0.38750 | 35% | 0.58750 | 4714 | 0.78750 | 5914 | 0.98750 
115 0.19166 | 231% 0.39166 35% 0.59166 | 47% | 0.79166 | 591% | 0.99166 
114 | 0.19583 | 2334 0.39583 | 3534 | 0.59583 | 47% | 0.79583 | 594 | 0.99583 
12 0.20000 24 0.40000 | 36 0.60000 | 48 0.80000 | 60 1.00000 











RECIPROCALS OF COMMON UNITS 


Unit Number Reciprocal 








Dozen .......12......0833333 || Ream ......480..... .0020833 


Gross 144 .0069445 || Ream Р 500 0020000 

Square Foot 144 .0069445 ен ја ші e узан 
ear (days) ..365..... à 

Cubic Foot. .1728.... ..0005787 | Months (days) 28 0357140 

Mile 5280 .00018939 || Months (days) 29 .0344830 

Ton 2000 .0005000 || Months (days) 30 .0333330 


Long Ton ...2240...... 0004643 || Months (days) .31......0322580 
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Shields Decimal 

Decimal Equivalents of an Inch of 128ths, 64ths, 32nds, 16ths, 8ths. | 
Decimal|128 | 64 [32 [16 [зһ | Decimai|iz8 [64 | 32 | 16[ 8th | Decimal [128 
0078125] 1 343750 | 44 [22] 11 .6796875 | 87 
015625 | 2| 1 .3515625| 45 .687500 | 88 
.0234375| 3 .359375 | 46 | 23 :6953125 | 89 
.031250 | 4| 2| 1 .3671875| 47 .703125 | 90 
.0390625| 5 .375000 | 48 | 24 | 12| 6| з ‚7109375 | 91 
.046875 6| 3 .3828125 .718750 | 92 | 46| 23 
.0546875 | 7 .390625 25 1965625 | 93 
062500. | 8| 4| 2| 1 .3984375 734375 | 94 | 47 
.0703125 | 9 .406250 26| 13 17421875 | 95 
078125 | 10| 5 4140625 ‚750000 | 96 | 48| 24| 12] 34 
.0859375 | 11 421875 27 11518125 | 97 
093750 | 12] 6 | 3 4296875 98 | 49 
.1015625 | 13 437500 28| 14| 7 99 
1109375 | 14] 7 4453125 ‘781250 |100 | 50| 25 
11171875 | 15 453125 29 .7890625 |101 
125000 | 16] 8| 44 2| 14 4609375 796875 |102 | 51 
.1328125 | 17 468750 30 | 15 8047875 |103 
140625 | 18 | 9 4765625 812200 |104 | 52| 26| 13 
.1484375 | 19 484375 31 .8203125 |105 
.156250 20 |10 5 .4921875 .828125 |106 | 53 
.1640625 | 21 .500000 32| 16| 8| Ж 8359: 375 107 | 
.171875 | 22 |11 5078125 Е 108 | 54 | 27 
-1796875 23 33 109 
4 24 |12 | 6 | з 110 | 55 
.19: 25 ғ 34 | 17 3 121! 
203125 | 26 |13 .5390625 .875000 1112 | 56| 28| 14| 7% 
.2109375 | 27 .546875 35 .8828125|113 
.218750 |28 |14 | 7 .5546875 .890625 |114 | 57 
.2265625 | 29 .562500 36| 18| 9 .8984375| 115 
.234375 | 30 | 15 .5703125 .906250 |116 | 58| 29 
.2421875 | 31 .578125 37 .9140625 [117 
250000 132|16| 8| 4| 4 .5859375 921875 |118 | 59 
.2578125 | 33 .593750 38 | 19 .9296875 |119 
.265625 | 34 |17 6015625 937500 |120 | 60| 30 | 15 
.2734375 | 35 .609375 39 .9453125 [121 
.281250 | 36 |18| 9 6171875 .953125 |122 | 61 
.2890625 | 37 .625000 40| 20 | 10] 56 5 |123 
.296875 | 38 | 19 .6328125 124 | 62] 31 
.3046875 | 39 .640625 41 125 
.312500 | 40 | 20 | 10 | 5 .6481375 5 |126 | 63 
3203125 | 41 .656250 42 | 21 19921875 127 . 
398125 | 42 | 21 .0640625 1.000000 |128 | 64 | 32] 16 |1т 
3359375 | 43 | {671875 43 








Copyright 1916 by Chas. J. Shields, St. Louis, Mo 


TABLE FOR CONVERTING NAUTICAL MILES TO STATUTE MILES 








Nauti- Nauti- | Nauti- | Nauti- 

tical Statute cal Statute tical Statute | eal Statute 

Miles Miles || Miles Miles || Miles Miles | Miles | Miles 
1 1152 || 14 16.122 | 27 | 31092 || 40 46.063 
2 2.303 || 15 17.274 || 28 32.244 41 47.214 
3 3.455 16 18.425 | 29 | 33.396 || 42 48.366 
4 4.606 | 17 19.577 || 30 | 34.547 || 43 49.518 
5 5.758 | 18 20.728 || 31 35.699 | 44 50.670 
6 6.909 | 19 21.880 || 32 36.850 || 45 51.821 
7 8.061 | 20 23.031 | 33 38.002 | 46 52.972 
8 9.213 21 | 24.183 | 34 39.153 | 47 54.124 
9 10.364 || 22 | 25.335 || 35 40.305 | 48 | 55.275 
10 11.516 || 23 | 26.486 | 36 41.457 || 49 | 56.427 
11 12.667 24 27.638 || 37 42.608 | 50 57.578 

12 13.819 25 28.789 | 38 43.760 | 

13 14.970 | 126 29.941 | 39 44.911 і 























EVAPORATIVE POWER OF ONE POUND ОЕ VARIOUS FUELS 
AT ATMOSPHERIC PRESSURE (15 POUNDS) 


1 lb. good coal will evaporate 10 lbs. of water. 1 lb. crude petroleum will evaporate 
16 lbs. of water. 1 lb. natural gas (25 cubic feet) will evaporate 20 lbs. of water. 


22,450 cubic feet of natural gas (atmospheric pressure) is equal to 1 ton of good 
soft coal. 
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DECIMAL EQUIVALENTS 


OF MILLIMETERS AND FRACTIONS OF MILLIMETERS 
1/100 mm.—.0003937" 































































































== : 
Іпсһев Inches | mm Inches Inches mm 
1-64 .01563 .397 33-64 .51563 13.097 
1-32 08125 .491 17-32 29125 13.194 
3-64 .04688 1.191 35-64 .51688 13.890 
1-16 .0625 1.587 9-16 .5625 11.287 
| 

5-64 .07813 1.981 37-64 57813 11.681 
3-32 .09375 2.381 19-32 29315 15.081 
7-64 10938 PATET 39-64 ‚60938 15.478 
1-8 .125 5-8 .625 15.875 
14063 | 3.5 41-64 | .61063 | 16.272 

.15625 3.969 | 21-32 .65625 16.669 . 
.17188 4.366 43-64 .67188 17.065 
.1875 4.762 | 11-16 .6875 17.162 
13-64 .20313 5.159 45-64 .70313 17.859 
7-32 .21875 5.556 | 23-32 11875 18.256 
15-64 .23138 5.953 47-64 .13438 18.653 
1-4 «25 6.350 3-4 JUD. 19.050 
17-64 .26563 6.717 49-64 19.447 
9-32 ‚28125 7.144 || 25-32 19.811 
19-64 | .29688 1.541 51-64 20.210 
5-16 .3125 7.937 13-16 20.637 
21-64 32813 8.331 53-64 .82813 21.034 
11-32 34375 8.731 27-32 84375 21.431 
23-64. .35938 9.128 55-64 .85938 21.828 
3-8 .375 9.525 7-8 875 22.225 
25-64 .39063 9.922 57-64 ‚89063 22.622 
13-32 „10625 10.319 29-32 .90625 23.019 
27-64 .12188 10.716 59-64 .92188 23.415 
7-16 A375 11.113 | 15-16 .9375 23.812 
29-64 | .45313 | 11.509 6l-64 .95313 | 24.209 
15-32 .46875 11.906 || 31-32 .96875 24.606 
31-64 .48438 12.303 63-64 -98138 25.003 
1-2 5 12.700 1 1.00000 | 25.100 

















Metric and English Linear Measure 
The measuring rules shown below are graduated, in the Metric 
system and in the English system. This shows at a glance the com- 
parison of the fractions of the Metric and English units, the meter and 
the inch. 


Metric Scale Graduated in Half Millimeters 





Comparison of English and Metric Scales, Actual Size 
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TABLE TABLE 
USEFUL NUMBERS | Decimal Equivalents of Inches, Feet, and Yards 
a м 2 = & Frac. Dee. Dec. 
Ре а Ur и EC vds. | ofan of an of a Ins. Feet Yards 
Cubic inches, X.00058 =cubic feet. Inch Inch Foot 
"^ feet, X.03704 = “ yds. а ps = о 
Circular inches, х.00546 =square feet. в B = d d Y ds E Doct 
© lindrical inches, X .0004546 =cubie f feet. з = ЕН А RE Е 
a 290: і зе = = 01562 3 = = 0833 
feet, 75:02900 Mom yds. M == = 02083 = = ил 
М» 55% zh $a = = .02604 5 = = 1389 
Feet, X15 =links Ж = = Мо рр = = 1666 
Width in chains, х8. =асгев p. mile. B E јак ҚАЗ 5 Е = Eo 
183,346 circular inches, | =1 square ft. 22 = - 045 INN Sz - 
2200 cylindrical inches, =1 cubic foot. ый = = 2 10 ње 78 
Cubic feet, Х748 =U. S. galls. 18 7 = Mi 3055 
‘inches, х.004329 = » Р = 12 = 3333 
Cylindrical feet, 5.874 = ce у * i 
inches, x.0034 з ® 5i oe — 07291 
U. S. Gallons, X.13307 | —cubic feet. в. == т 
M ки х231. = mum. 
Cubic feet, х.8036 - 5. bushel. 
* inches, *.000466 = TABLE 
U. S. bushel, х.9495 - vds. 
U 7 X1.2446 feet. 
чы P X2150.42 inches. Decimal Equivalents of Ounces and Pounds 
Cylin. feet of water, x6. . 8. gal'a. 
Lbs. avoirdupois, х.009 bera КЕ: 2.) Oz. Lbs. | Oz Lbs. | Oz. 
X.00045 =tons (2240). 
Cubic ft. of water x02.5 -]|bs. avoir. M = .015625 | 4 8% = 3 
SE X.03617 = " 18 % = .03125 4% 9 =. 
Суйп. ft. of water, х49.1 =" қы = 446875| 5 + = 6 
Б ins. X.02842 = tU - 51 = . 
13.44 U. S. gal's of water, =| см 1% = 6 12 = й 
268.8 Е =] ton 2 - 6% 13 = . 
1.8 cubic feet of water, -lewt 2% = 7 14 =. 
35.88 - 7 =1 ton 3 = 7% 15 = 2 
Column of water 12 inches high, 38 = 8 16 = 1, 
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1 inch diameter, 








Angles Corresponding with Parts of a Circle 























































































































| Partsi Angle | Parts — Angle. і е 5 
22| 1636" | 43 | 8377 || 78 
180° | 23 | 15.05* | 44 | 818" | 80 
3 120" | 24 159 | 45 8° 82 
4 90* | 25 | 144° 45 | ВУ | al - 
ГЕ 72* | 26 | 13.85° || 47] 7.66°| 86 419 
6 | 60° 27 | 13.33° 48 | 75° 88 
[ 7 | 5143“ | 28 | 1286* | 49 | 735"|| 9 
8 45" | 20 | 1241*| sol! 72° | о> 
о 40" | 30] 12° 4 52 | 6.92° | 04 
10 | 36° | 31 | 11.61° | 54 6.67° | 90 
п | 3273" | 32 | 1125* | 56 | 643°| 981 
12 30* 33 | 10.01? 58 6.21° || 100 | 
13 | 27.69° | 34 | 10597 | 60 6° | 102 
14 | 25717 35 | 10.29° | 62 5.81° | 104 
15 24° | 36 10*| 64 | 563° | 1% 
16 | 22,5" 37 9.73" | 66 | 546% | 108 
| 17 | 2148* | зв | 9477 | 68|  5.297 || 110 | 
18 20° [зо | 9239 || 701 514" | 120 
19 | 1895* | 40 9*| 721 5° | 130 
20! — 18* | 41 878? | 74 | 486° || 140 
Е 1714" | 42| 857° | 76| 474° | 150 
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Area of Circles — in Square Feet 












































Diam-| 0 in. lin. si 2in. ҰС 3 in. iin. 5 in. 6 in. 7 in. 8in. 9 in. 10 іп. | Пап. 
eter 
0 ft. .0000 0055 0218 anit 0873 | .1364 .1964 2670 3491 4418 5454 6600 
" p^ .1854 | .922 1.07 1.23 1.40 1.58 1.77 1.97 2.18 2.41 2.64 2.89 
2" 3.14 3.41 3.69 3.98 4.28 4.59 4.91 5.24 5.59 5.94 6.30 6.68 
3" | 7.07 7.47 7.88 8.30 8.73 917 9.62 10.08 10.56 111.04 11.54 12.05 
4" |1257 13.10 13.64 14.19 14.75 15.32 15.90 |1650 |1710 17.72 18.35 18.09 
$ft. |19.64 |2029  |20.97 22.34 |2304 |2376 |2448 |2520 |2597 |2673 |2749 
ж 6“ |2827 |2907 |29.87 31.50 |3234 133.18 |3404 | 34.91 35.78 |3607 |3757 
7" 138.48 |3041 |4034 4224 |4320 |4418 |4517 |4616 |4717 |4819 |4022 
8“ |5027 |5132 |5238 54.54 |5564 |5675 |5786 |5899 |6013 |6128 | 62.44 
9“ |6362 |6480 166.00 68.42 |6964 |7088 |7213 | 73.39 174.66 | 75.94 |7724 
10“ |7854 |7985 181.18 83.86 |8522 |8659 187.97 |8936 |9076 | 92.18 |93.69 











ХОТЕ: To find the area of a given circle use the figures at the intersection of t 
feet and inches) which, when combined, equal the diameter of the circ 





e. 


Decimal Parts of a Foot in Square Inches 


he columns (representing 














— 
Hundredths | Square Hundredths | Square Hundredths | Square Hundredths | Square 
of a Sq. Ft. Inches of a Sq. Ft. Inches of a Sq. Ft. Inches of a Sq. Ft. Inches 

1 1.44 26 37.4 51 73.4 76 109.4 
2 2.88 27 38.9 52 74.9 77 110.9 
3 4.32 28 40.3 58 76.3 78 112.3 
4 5.76 29 41.8 54 77.8 79 113.8 
5 7.20 30 43.2 55 79.2 80 115.2 
6 8.64 3l 44.6 56 80.6 81 116.6 
7 10.1 32 46.1 57 82.1 82 118.1 
8 11.5 33 47.5 58 83.5 83 119.5 
9 13.0 34 49.0 59 85.0 84 121.0 
10 14.4 35 50.4 60 86.4 85 122.4 
11 15.8 36 51.8 61 87.8 86 123.8 
12 17.3 37 53.3 62 89.3 87 125.3 
13 18.7 38 54.7 63 90.7 88 126.7 
Д 14 20.2 39 56.2 64 92.2 89 128.2 
15 21.6 40 57.6 65 93.6 90 129.6 
16 23.0 41 58.0 66 95.0 91 131.0 
17 24.5 42 60.5 67 96.5 92 132.5 
18 25.9 43 61.9 68 97.4 93 133.9 
19 27.4 44 63.4 69 99.9 94 135.4 
20 28.8 45 64.8 70 100. 95 136.8 
21 30.2 46 66.2 71 102.2 96 138.2 
22 91,7 47 67.7 72 103.7 97 139.7 
23 38.1 48 69.1 73 105.1 99 141.1 
24 34.6 49 70.6 74 106.6 99 142.6 
25 36.0 50 72.0 75 108.0 100 144.0 
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їп. їп. 
6.41 46 9.38 61 
6.62 47 9.57 62 
6.82 48 9.76 63 











Angles and Distances corresponding to the opening of the 2-foot rule. 
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Useful Multipliers, Etc. 





Diameter of circle X 3.1416 = circumference. 
Radius of circle X 6.283185 = circumference. 
Square of radius of circle X 3.1416 = area. & 
Square of diameter of circle X .7854 = area. 
Square of circumference X .07958 = area. 
Half the circumference X 14 diameter = area. 


Circumference of circle X .159155 = radius. У 
Circumference of circle X .31831 = diameter. 

Diameter of circle X .86 = side of inscribed equilateral triangle. 
Diameter of circle X .7071 = side of inseribed square. 
Circumference of circle X .225 = side of inseribed square. 
Circumference of cirele X .282 = side of equal square. 
Diameter of cirele X .8861 = side of equal square. 

Base of triangle X 15 altitude = area. 

Both diameters X .7854 = area of ellipse. 

Surface of sphere X 1/6 diameter = solidity. 

Square of diameter of sphere X 3.1416 = surface. 

Square of cireumferenee of sphere X .3183 = surface. 

Cube of diameter of sphere X .5236 = solidity. 

Cube of radius of sphere X 4.1888 = solidity. 

Cube of circumference of sphere X .016887 = solidity. 

Radius of sphere X 1.1547 = side of inseribed cube. 


Area of one of its sides X 6 = surface of сиђе. 
Area of its base X 1-3 altitude = solidity of сопе, or pyramid, whether round, square 
or triangular. 

The circumference of a circle multiplied by .282 equals side of a square of same area. а 
Useful in turning round tanks into square. 

To find contents in gallons of a square vessel: Multiply number of cylindrical inches 
by .0034 for wine gallons, by .002785 for ale gallons. 

To find contents in gallons of a vessel whose diameter is larger at one end than at the 
other: Multiply the largest diameter by the smallest in inches; Add one-third of the 
square of their difference, multiply that sum by the height, and multiply that product 
by .0034 for wine, or .002785 for ale gallons. 

To find capacity of a four sided vessel in gallons: Find cubical contents by multiplying 
the length, breadth and height in inches and divide product by 231. 

Тће square root of the area of a circle times .50419 equals the radius. 

Тће square root of the area of a circle times 1.12838 equals the diameter. 

Doubling the diameter of a pipe increases its capacity four times. 

A gallon of water (U. N. Standard) weighs $12 pounds and contains 231 cubic inches. 
A cubic foot of water contains 715 gallons, 1728 cubic inches, and weighs 6215 pounds 
at a temperature of about 39 degrees Fahrenheit. The weight changes slightly above 
and below this temperature. 

To find the pressure in pounds per square inch of a eolumn of water, multiply the 
height of the column in feet by .434. 

То find the area of a triangle, multiply the base by the altitude and divide the product 
by 2. Я 

То find (ће area of а surface, having only two of its sides parallel, multiply one-half 
sum of the parallel sides by the altitude. 

To find the area of a surface whose opposite sides are parallel, multiply the base 
by the altitude. 


To find the diagonal of a square, multiply the length of one side by 1.41421. 
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To find the diagonal of a cube or the diameter of its circumscribed sphere, multiply 
the length of a side by 1.7320508. 


If a circle is divided by а diameter, each half is called a semicircle, and each half 
circumference is called a semicircumference. 


To find the side of the greatest square that can be inscribed in a given circle, take 
7/10 of the diameter and increase it by one per cent of itself. 


BARS AND PLATES 


Tron Multiply contents in cu. in. by .27777 result will be weight in lbs. 
Steel “ “ “ “ .28332 “ “ “ “ 
Соррег “ “ “ “ .32118 с “ “ “ 
Brass “ “ “ “ .3112 “ “ “ “ 
Lead [11 [11 “ “ .41015 “ “ “ “ 
Zinc (€ [11 “ “ „25818 “ “ “ “ 
Тїп “ “ “ “ .36562 “ “ “ [11 
Alu ninum “ “ “ “ 09375 “ € e “ 


Steam rising from water at its boiling point (212 degrees F.) has a pressure equal to 
that of the atmosphere at sea level (14.7 pounds per square inch). 


2434 cu. ft. equals 1 perch stone. А perch of stone or brick is 1614 feet long, 114 feet 
wide, and 1 foot high. 


One acre equals 10 square chains equals 4840 square yards equals 43,560 sq. ft. 
An acre is equal to а square the side of which is 208.7 feet. 


То make a casting of precisely the same size of a broken casting without the original 
pattern. Put the pieces of broken casting together and cast from them a new casting. 
Then anneal the new casting, it will expand to the original size of the pattern and thus 
remain in that expanded state. 


To anneal cast iron, heat it in a slow charcoal fire to a dull red heat. Then cover it 
over, about two inches with fine charcoal; then cover with ashes. Let it lay until cold. 
Hard east iron сап be softened enough in this way to be filed or drilled. 


DEFINITION OF ANGLES 


(ALTITUDE.) The perpendicular distance between the bases, or between the vertex 
and the base, of a solid or plane figure. 


(ANGLE.) The difference in direction of two lines which meet or tend to meet. 
The lines are called sides, and point of meeting, the vertex of the angle. 


A right angle is one which is formed by the radius moving, through М of the circum- 
ference. It is an angle of 60°. 


A straight angle is formed when the radius has moved over 4 of the circumference: 
It is an angle of 180°. 


Acute angle. An angle less than a right angle. 

Obtuse angle. An angle greater than a right angle. 
Oblique angle. On which is not a right or a straight angle. 
Reflex angle. One which is greater than 180°. 


Adjacent angle. Two angles are adjacent when they have the same vertex and a 
common side. 


Solid angle. One formed by planes which meet at a point. 

Dihedral angle. The opening between two intersecting planes. 
Apex. Тће summit or highest point of an object. 

Bisect. To divide into two equal parts. 

Bisector. A line which bisects. 

Cinquefoil. A figure composed of five leaf-like parts. 

Contour. The outline of the general appearance of an object. 
Contour Element. An element which is in the contour of an object. 


Convergence. Lines extending toward a common point, or planes extending toward 
a common line. 
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Circumferences and Areas of Circles 





































































































































Dia. Circum. | Area Dia.| Circum. Area Uem 
Ив .1963 00307| 8! 25.132 | 50.265 || 55 | 172.788 
% .3927 .01227| 9| 28.274 | 63.617 || 56 | 175.929 
346 .5890 | .02761| 10 | 31.416 | 78.540 || 57 |179.071 
М 17854 | .04909| 11| 34.558 | 95.033 | 58 |182.212 
56 .9817 .07670| 12 | 37.699 | 113.097 | 59 | 185.354 
34 | 1.1781 1104 | 13 | 40.840 | 132.732 || 60 | 183.496 
746 | 13744 | 1503 | 14 | 43.982 | 153.938 | 61 | 191.637 
у, | 1.5708 | 1963 | 15 | 47.124 | 176.715 || 62 |194.779 
916 | 1.7671 .2485 | 16 | 50.265 | 201.062 || 63 |197.920 
% | 1.9635 .3068 | 17 | 53.407 | 225.980 || 64 |201.062 
Wg] 2.1598 3712 | 18 | 56.548 | 254.469 || 65 | 204.204 
34 | 2.3562 4418 || 19 | 59.690 | 283.529 | 66 | 207.345 
1346| 2.5525 5185 || 20 | 62.832 | 314.160 || 67 | 210.487 
"74 | 2.7489 | .6013 || 21| 65.973 | 346.361 | 68 | 213.628 
1916) 2.9452 .6903 || 22 | 69.115 | 380.133 | 69 | 216.770 
1 3.1416 .7854 | 23 | 72.256 | 415.476 | 70 | 219.912 
146 | 3.3379 | .8866 | 24| 75.308| 452.390| 71 | 223.053 
1% | 3.5343 9940 || 25 | 78.540] 490.875 | 72 | 226.195 
1316 | 3.7306 | 1.1075 || 26 | 81.681] 530.930 || 73 | 229.336 
114 | 3.9270 | 1.2271 || 27 | 84.823 | 572.556 | 74 | 232.478 
1516 | 4.1233 | 1.3530 | 28 | 87.964] 615.753 | 75 | 235.620 
1358 | 4.3197 | 1.4848 || 29 | 91.106 | 660.521 || 76 | 238.761 
1746 | 4.5160] 1.6229 || 30 | 94.248 | 706.860 | 77 | 241.903 
11% | 4.7124 | 1.7671 | 31 | 97.389 | 754.769 | 78 | 245.044 
1% | 5.1051 | 2.0739 || 32 | 100.531 | 804.249 | 79 | 248.186 
134 | 5.4978 | 2.4052 || 33 |103.672 | 855.30 | 80 | 251.328 |5026.55 
178 | 5.8905 | 2.7611 | 34 |106.814 | 907.92 | 81 | 254.469 | 5153.00 
М |2 6.2832 | 3.1416 || 35 | 109.956 | 962.11 || 82 | 257.611 | 5281.02 
21% | 6.6759 | 3.5465 | 36 | 113.097 | 1017.88 | 83 | 260.752 | 5410.61 
2% | 7.0686 | 3.9760 || 37 | 116.239 | 1075.21 || 84 | 263.894 | 5541.77 
2% | 7.4613 | 4.4302 | 33 | 119.330 | 1134.11 | 85 | 267.035 | 5674.51 
2% | 7.8540 | 4.9087 | 39 | 122.522 | 1194.59 | 86 | 270.177 | 5808.80 
234 | 8.6394 | 5.9395 | 40 | 125.664 | 1256.64 || 87 | 273.319 | 5944.68 
3 9.4248 | 7.0686 | 41 |128.805 | 1320.25 | 88 | 276.460 | 6082.12 
374 |10210 | 8.2957 | 42 |131.947 | 1385.44 | 89 | 279.602 | 6221.14 
3% |10.995 | 96211 || 43 |135.088 | 1452.20 | 90 | 282.744 | 6361.73 
334 |11.781 |11.044 44 |138.230 | 1520.53 | 91 | 285.885 | 6503.88 
4 12.566 |12.566 45 | 141.372 | 1590.43 | 92 | 289.027 | 6647.61 
414 |13.351 |14.186 46 | 144.513 | 1661.90 | 93 | 292.168 | 6792.91 
4% |14.137 |15.904 47 | 147.655 | 1734.94 | 94 | 295.310 | 6939.78 
434 |14.922 |17720 48 | 150.796 | 1809.56 | 95 | 298.452 | 7088.22 
5 15.708 |19.635 49 |153.938 | 1885.74 | 96 | 301.593 | 7238.23 
54 |16.493 |21.647 50 | 157.080 | 1963.50 || 97 | 304.734 | 7389.81 
5% |17.278 |23.758 51 | 160.221 | 2042.82 | 98 | 307.876 | 7542.96 
534 |18.064 |25.967 52 | 163.363 | 2123.72 || 99 | 311.018 | 7697.69 
18.849 |28.274 53 | 166.504 | 2206.18 314.159 | 7853.98 
21.991 |38.484 54 | 169.646 | 2290.22 





15,393.76, area wanted. 




















To find the circumference and area of any diameter greater than any in the above table: · 


RULE.—Multiply any diameter given above by the factor 2, 3, 4 or 5, etc., the product of which will 
be the diameter whose circumference and area is wanted. EXAMPLE: What is the circumference of 140? 
Tabular diameter of 35 X 4 — 140. Tabular circumference of 35 — 109.9 X 4 — 439.6 circumference wanted. 
RULE FOR THE AREA.— Multiply the tabular area of tabular diameter by the square of the factor. 
EXAMPLE: What is the area of 140? Tabular area of 35 = 962.11 X 16 (16 is the square of the factor 4) = 


THE CIRCLE.— The circumference of a circle is equal to the diameter multiplied by 3.1416. The 


area of a circle is equal to the square of the diameter multiplied by .7854. 


TO HARDEN CAST IRON 


Mix 2 pounds of concentrated sulphurie acid 
and 2 ounces of nitrie acid with 274 gallons of 


water. 


Immerse the article at а cherry red 


heat in this mixture. The surface becomes very 


hard. 


Inches 
Inches 
Inches 


Feet 
Feet 


Yards 
Yards 
Yards 


Miles 
Miles 
Miles 


Avoir. oz. Х0.0625 
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Convenient Multipliers 


0.08333 =feet Sq. inches X0.00695 =Sq. feet 
0.02778 | = yards Sq. inches X0.0007716 = Sq. yards 
х 0.00001578 = miles Cu. inches X0.00058 | «Си. feet 
Cu. inches ^X 0.0000214 = Cu. yards 
х0.3334 = yards Sq. feet — X144 = $4. inches 
х0.00019  —miles Sq. feet X 0.1112 =Sq. yards 
x36 =inches Cu. feet  x1728 = Cu. inches 
x3 —feet Cu. feet х 0.03701 = Cu. yards 
Х0.0005681 = miles Sq. yards x1296 = $4. inches 
х 63360 =inches Sq. yards X 9 =Sq. feet 
х5280 —feet Cu. yards х 16656 = Cu. inches 
x1160 — yards Cu. yards X 27 = Cu. feet 
= pounds Avoir. lbs. X 0.0005 = tons 
Avoir. oz. Ж0.00003125 = tons Avoir. tons Х 32000 = ounces 
=оипсез Avoir. tons X 2000 = pounds 


Avoir. lbs. X16 
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Useful Rules for Finding Dimensions 


of Circles, Squares, Etc. 


D is diameter of stock necessary to turn shape 


desired. 


А ds distance ‘across flats.” 


C їх depth of eut into stock turned to correct 


diameter. 





uon ow Www 


И 


uod 


И 


ии 


Wow M 


= side x 2.4142 
Сок 


ТЕТАХСТЕ 


side х 97735 
side x 1.1547 = 2A 
D x .866 

х.5 = Dx .25 


SQUARE 
side = D x .7071 
side x 14142 = diagonal 
Dx 7071 
D x 14645 


PENTAGON 
side x 1.3764 D x .509 
side x 1.7013 А x 1.2461 
D x 3575 
D x .0055 


НЕХАСОХ 


side x 1.7821 = 
side x 2 = 
У хо 

D x .067 


D x 366 
А ox L.1547 


OCTAGON 
D x .9239 
A x 1.0524 


| = 






STANDARD 


ROUND-CORNERED 
SQUARE HOLES 


purses 


{р 
С 

















Size of Size of 
No. of Square Shaft 
uare | 
А в 

1 1 14 
2 106 15% 
3 1% 138 
4 1% 1% 
5 14 1% 
6 15% 15 
7 134 134 
8 11% | 1356 
10 19% 15% 
11 15% 2 

12 1% 214 
13 134 2 
14 11% 25% 
15 17% 2% 
16 11% 2% 
17 | 216 

ue E 
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Distance Across Corners 
HEXAGONS AND SQUARES 








Distance 
Across Flats 
“p” 


Sharp Pratt & Whitney 
Hexagon Practice 
ЕХ 1.155 ЕХ 1.333 
.29 .33 .36 
.36 41 44 
.43 .50 .53 
.50 .58 .62 
.57 .66 74 
.65 75 ‚80 
72 .83 .88 
79 .91 .97 
.86 1.00 1.06 
.93 1.08 1.15 
1.01 1.16 1.24 
1.08 1.25 1.33 
1.15 1.33 1.41 
1.22 1.42 1.50 
1.29 1.50 1.59 
1.37 1.58 1.68 
1.44 1.66 1.77 
1.51 1.75 1.86 
1.58 1.83 1.94 
1.66 1.92 2.03 
1.73 2.00 2.12 
1.80 2.08 2.21 
1.88 2.16 2.30 
1.95 2.25 2.39 
2.02 2.33 2.47 
2.09 2.42 2.56 
2.17 2.50 2.65 
2.24 2.58 2.74 
2.31 2.66 2.83 


Sharp Corners 
FX 1.414 























The Electro-Chemical Series of Elements 


In the table given below, the elements are electro-positive to the ones which follow 
them, and will displace them from solutions of their salts. 


1. Sodium 13. Bismuth 25. Tungsten 
2. Barium 14. Copper 26. Molybdenum 
3. Calcium 15. Silver 27. Chromium 
4. Magnesium 16. Mercury 28. Arsenic 

5. Beryllium 17. Platinum 29. Phosphorus 
6. Aluminum 18. Iridium 30. Iodine 

7. Manganese 19. Gold 31. Bromine 

8. Zinc 20. Hydrogen 32. Chlorine 
9. Iron 21. Tin 33. Nitrogen 
10. Nickel 22. Silicon 34. Sulphur 
11. Cobalt 23. Antimony 35. Oxygen 


12. Lead 24. Carbon 
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Shields Definitions of Ángles — Triangles б 





An angle is the portion of a plane included be- 
tween two straight lines which meet at a common 
point. The part of the plane included between 
AB and AC is called an Angle. AB and AC are 
its sides, and A is its vertex. 


Triangles are divided into classes with reference 
both to their sides and their angles. 


Fig. A—An “Equilateral” Triangle is one which 
has its three sides equal. 


Fig. B—An “Isosceles” triangle is one which has 
only two of its sides cqual. 


Fig. СА “Scalene” triangle is one which has 
its three sides unequal. 


Fig. D—An “Acute-angled” triangle is one which 
has its three angles acute; that is, less than a right 
angle. 


Fig. E—A “Right Angled” triangle is one which 
has a right angle. The side opposite the right 
angle is called the hypothenuse, and the other two 
sides the base and perpendicular. 


Fig. F—An “Obtuse-angled” triangle is one 
which has an obtuse angle; that is, an angle great- 
er than a right angle. 


Fig. G—An “Oblique” angle with the plane of 
the horizon; a sloping plane, or inclined plane. 





APPROXIMATE CUTTING SPEEDS 
Turning and Boring 





a 


Roughing Finishing Chasing 


MATERIAL Cutting Speed, Cutting S 
Feet. per Minute Feet per 


ее Е 60 120 
Mild Machine Steel... .. 80 150 





Alloy Steel*............ 50 
MUNERA 200 
Aluminum............- 250 





1 Cutting Speed, 
inute Feet per Minute 


50 
60 
40 
70 
80 
90 
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Shields Measurements of Angles and Circles p 
A B 
The greatest line which can be inscribed in a 
circle is a diameter, hence every chord is less than 
FigA 
H 





a diameter. 


Fig. A—Let AD be any chord. Draw the radii 
CA and CD to its extremities. We shall then have 
AD is less than AC + CD, but AC plus CD is equal 
to AB; hence AD is less than AB. 


‚А radius which is perpendicular to a chord 
bisects the chord, and also bisects the subtended A 
arc of the chord. 


Fig. B—Let AB be any chord, апа CG a radius 1 с 
perpendicular to it; then AD will be equal to DB, #72. B. 
and the arc AG to the arc GB. For, draw the radii 
CA, CB and the two right-angled triangles ADC D 


and CDB will have AC equal to CB, and CD com- 
mon, hence AD is equal to DB. A E 
Again, since AD and DB are equal, CG is a 
perpendicular erected from the middle of AB; and 
since G is a point of this perpendicular, the chords В С 
о 


АС and GB are equal And if the chord АС is 
equal to the chord GB, the arc AG is equal to the 
arc GB. 


The center C, the middle point D of the chord Fig. C 
AB, and the middle point G of the subtended arc, 
are three points of the same straight line, per- 


pendicular to the chord. A A 
Fig. C—All the angles, BAC, BDC and BEC, in- 8 р 
scribed in the same, segment, are equal; because 
they are each measured by half of the same arc, 
Ó 


BOC. 


Fig. D—Every angle, BAD, inscribed in a semi- Ж; 
circle, is a right angle; because it is measured by Ж 2. 
half the semicircumference, BOD, that is, by the 

fourth part of the whole circumference. 


A 
Fig. E—Every angle, BAC, inscribed in a seg- 
ment greater than a semicircle, is an acute angle; 
for it is measured by half the arc BOC, which is B с 
less than a semicircle. Hence, every angle, ВОС, 
о 


inscribed іп a segment less than а semicircle, is an 
obtuse angle; for it is measured by half the arc 
BAC, which is greater than a semicircle, Fig. Е” 


Fig. F—The opposite angles, A and C, of an 
inscribed quadrilateral, ABCD, are together equal 
to two right angles; for the angle, BAD, is meas- А’ 
ured by half the arc BCD, and the angle, BCD, is 
measured by half the arc BAD; hence the two D 
angles, BAD and BCD, taken together, are meas- 
ured by half the circumference, therefore their Fi Е 
sum is equal to two right angles. 4 е 


< 
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Shields Inscribed Angles 


Fig А. ЕВ. 


Fig. А—Ап inscribed angle is one which has its 
vertex in a circumference, and is included by two 
chords of the circle. An inscribed triangle is one 
which has the vertices of its three angles in the 
circumference. 


Fig. B—A Polygon is said to be inscribed in a 
circle when the vertices of all the angles are in 
the circumference. The circumference of the cir- 
cle is then said to circumscribe the polygon. 


Fig. C—The top line is a Secant, a line which 
meets the circumference in two points, and lies 
partly within and partly without the circle. Тће 
lower line is a Tangent, a line which has but one 
point in common with the circumference. The 
point where the tangent touches the circumfer- 
ence is called the point of contact. 


Fig. D—Two circumferences touch each other 
when they have but one point in common. The 
common point is called the point of tangency. 


Fig. E—A Polygon is circumscribed about a 
circle when all its sides are tangents to the cir- 
cumference. In the same case, the circle is said 
to be inscribed in the polygon. 


The circumference of a circle may be described 
from any center, and with any radius. 


Shields Definitions of Polygons 


A POLYGON, or rectilineal figure, is a portion 
of a plane terminated on all sides by straight lines. 
The sum of the bounding lines is called the peri- 
meter of the polygon. 


The polygon of three sides, the simplest of all, 
is called a Triangle; that of four sides, a Quad- 
rilateral; five sides, a Pentagon; six sides, a Hexa- 
gon; seven sides, a Heptagon; eight sides, an Octa- 
Eon; nine sMes, a Nonagon; ten sides, a Decagon; 
twelve sides, a Dodecagon. 


An Equilateral Polygon is one which has all its 
sides equal. An Equiangular Polygon is one 
which has all its angles equal. 


Two Polygons are mutually equilateral when 
they have their sides equal, each to each and 
placed in the same order: that is to say, when 
following their bounding lines in the same direc- 
tion, the first side of one is equal to the first side 
of the other, the second to the second, the third 
to the third, and so on. Likewise, two polygons 
are mutually equiangular when every angle of the 
one is equal to a corresponding angle of the other, 
each to each. 


C) 


Fig.C. 


ох 


Fig. D. 


Xj 


Ay 
м 


Pentagon. 


Q 


Hexagon. 


Ф 


Octagon. 
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Shields Definitions of Quadrilaterals 


[^] 4 X. 20 Jo 
Fig 8. 


Fig A Fig. C. Fig. D 





There are three kinds of Quadrilaterals; 
Fig. A—The Trapezium, which has none of its 
sides parallel. - 
Fig. B— The Trapezoid, which has only two of Жар. 


its sides parallel. The altitude of a Trapezoid is 
the perpendicular distance between its two parallel 


sides. 
Fig. C—The Parallelogram, which has its op- 
posite sides parallel. 


There are four kinds of Parallelograms; 27. Fe 
Fig. D—The Rhomboid, has no right angle. 
Fig. E—The Rhombus (lozenge), which is an 


equilateral rhomboid. x 
Fig. F—The Rectangle, which is equiangular but 

not equilateral. 
Fig. G—The Square, which is both equilateral Fig. бе. 


апа equiangular. 

The altitude of а parallelogram is the perpendic- 
ular distance between two opposite sides. These 
sides are called bases. 

A "Diagonal" of a figure is a line which joins 


the vertices of two angles not adjacent (Fig. H.) Е19.Н. 


Shields Definitions of Polyhedrons 


| 
AD 


d us Fig. 8. Е.С. #72. 0. 


Polyhedron is а name given to апу solid, bounded by Polygons. The 
bounding polygons are called faces of the polyhedron; and the straight line 
in which any two adjacent faccs meet each other, is called an edge of the 
polyhedron. 


Fig. A—A Prism is a polyhedron in which two of the faces are equal 
polygons, with their planes and homologous sides parallel, and all the other 
faces parallelograms. 

Fig. В—А Rectangular Parallelopipedon is one whose faces are all 
rectangles. When all the faces arc squares, it is called a Cube, or regular 
Hexahedron. 

Fig. C—A Pyramid is a solid bounded by a polygon, and by triangles 
meeting at a common point called the Vertex. The Polygon is called the 
Base; and the triangles, taken together, the convex or lateral surface. 

The Pyramid, like the Prism, takes different names according to the 
form of its base; it may be Triangular, Quadrangular, Pentangular, etc. 

Fig. D—If a pyramid is cut by a plane parallel to its base, forming a 
second base, it is called a Truncated Pyramid, or Frustum of a pyramid. 
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Shields Definitions of Three Round Bodies 


The Cylinder, the Cone and the Sphere, are the 
three round bodies treated of in the Elements of 
Geometry. £ 


Ж 











4 

Fig. A—A Cylinder is a solid which may be МЕ 4 
generated by the revolution of a rectangle, ABCD, аза 
turning about the fixed side AB. In this move- dl 
ment, the sides AD and BC, continuing always : d 
perpendicular to AB, describe the equal circles, ага» с 
DPH and CGQ, which are called the bases of the @ 
cylinder, the sides CD, describing at the same г 
time, the convex surface. Ғ.А. 


The fixed line, АВ, is called the axis of the 
Cylinder, and any section, MNKL, in the cylinder, 
made by a plane at right angles to the axis, is a 
circle equal to either of the bases. 


While the rectangle ABCD turns about AB, the 
line KI, perpendicular to AB, describes a circle 
equal to the base, and this circle is the same as 
the plane MNKL, perpendicular to the axis at 
the point I. Every section, QPHG, made by a 
plane passing through the axis, is a rectangle 
double the generating rectangle ABCD. 


Fig. B—A Cone is a solid which may be gener- 
ated by the revolution of a right-angled triangle, 
SAB, turning about the fixed side SA. In this 
movement the side AB describes the circle BDCE, 
called the Base of the cone; and the Hypothenuse Fi. 8 
SB, describes the convex surface of the cone. 19. * 

The point S is called the Vertex of the cone, SA 
the Axis, or the Altitude, and SB the Slant Height. 

Every section, HKFI, made by a plane at right 

angles to the axis, is a circle. Every section, EDS, 

made by a plane passing through the axis, is an D 
Isosceles Triangle double the generating triangle 

SAB. 





= с 
Fig. C—The Sphere is a solid terminated by a 

curved surface, all points of which are equally 

distant from a point within, called the center. 4 B 
The sphere may be generated by the revolution 

of a semicircle, DAE, about its diameter DE; for 

the surface described in this movement, by the 

semicircumference DAE, will have all its points 

equally distant from its center C. 
While the semicircle DAE, revolving around its . 

diameter, DE, describes the Sphere, any circular Fig. С. 

sector ОСЕ or FCA, describes a solid called а 

spherical sector. 


SAFETY PLUGS — COMPOSITION AND MELTING POINTS 














Tin Lead Melts ?F. Tin I.ead | Bismuth Melts ?F. 
6 1 381 4 4 1 
5 1 378 3 3 1 
4 1 365 2 2 1 
3 i 340 1 1 1 
2 1 334 3 5 8 
1м 1 320 1 1 2 
2 3 5 
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MENSURATION 
AREA . 
Square 
А = Arca А =$ 
А = а: 
S= Height S-.7071d -V/A 
d = Diagonal D-14148 =1.414\/А 
Rectangle А-ахь 
А = Area A =ау d! — a? =ђ d! —b? 
a = Height d = У а: 4-b? 
b = Width а-А/Ф-Ы-А- 
d = Diagonal b=V d?—a? =A -+ 
Hexagon 
А = Агеа А = 2.598 XS? = 2.598.R? =3,464r? 


R = Radius of Circumscribed Circle R =5 = 1.55 Xr 
r — Radius of Inscribed Circle г=.866 Xs= .866 R 


s = Width of Side s=R=1.155Xr 
Octagon 
A=Area А =4.828 Xs? = 2.828.R? = 3.314 r? 


К = Radius of Circumscribed Circle R = 1.307 Xs = 1.082 Xr 
r = Radius of Inscribed Circle r=1.207 Xs=.924R 

















s = Width of Side s=.765XR=.828Xr 
Circle 
A=Area А =лг? = 3.1416 Xr? - 78544? 
С =Circumference С =2rr = 6.2832 Xr =3.1416d 
c A МЕ 
г = Radius г= = =.564 VA 
6. 2832 3. 1416 
c A 
d = Diameter а= ЕМ — = 1128УА 
3.1416 ‚7854 
Circular Sector 
ra 3.1416 2A 
L = Length of arc L=——— =.01745 Xr Xa - — 
180 r 
А — Area А = Yr XL=.008727 XaXr? 
57.296 XL 
a=Angle in degrees a= 
2A  57.296L 
r — Radius т=—= 
L a 
Circular Ring А =т(Е?—г?) =3.1416(R?—r*) =3.1416(R+r) (R —г) 
A=Area = 7.854(0, — d,) = 7.854 (D +d) (D - 4) 
D = Outside diameter 
а = Inside diameter 
R = Outside radius VOLUME 
Cube Ves 
S = Dimension of one side S=VV 


М = Volume AREA—Continued 
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Square Prism 
V = Volume 
a=Length 
b= Height 
c — Width 


Cylinder 

V = Volume 

S = Area of cylindrical surface 

А = Area of cylindrical surface 
and ehd surfaces 

R = Radius of circle 

D = Diameter of circle 

h =Length of cylinder 


Hollow Cylinder 
V = Volume 
R = Radius of outer cylinder 
г = Radius of inner cylinder 
t = Thickness of wall 


D = Outside diameter of cylinder 
d = Inside diameter of cylinder 


h=Length 


Sphere 
V = Volume 
A=Area of surface 
г = Radius 


d = Diameter 


Hollow Sphere 


V = Volume 

г == Inside radius 

R = Outer radius 

d = Inside diameter 
D = Outside diameter 


Cone 


V = Volume 

А = Area of conical surface 
D = Diamcter of base 

R = Radius of base 

Но Height 

$ = Length of side 











V = abc 

V V V 
a b= ё 

bc ac ab 


У =3.1416 X Rh =.7854D*h 
$—6.2832Rh = 3.1416Dh 


А —6.2832R (R +h) 23.1416 X D(! 9D +h) 


У —3.1416 Х h(R? — г?) = .7854h(D? — d^) 
= 3.1416 X ht(2R —t) =3.1416ht(D —t) 
-3.1416 X ht(2r - t) = 3.1416ht (d 4 t) 
= 3.1416 X ht (R--r) 21.5708ht(D +d) 


dre ла 
V = —- = -— = 4.1888 Xr 
3 6 
—.5236d? 
А = Ant? = nd! —12.5664r1 
=3.1416d? 


з зу mes 
res -=.6204 У V 


Ат 


dx 
У = (R)—r0)-4.1888(R! — r) 
3 
x 
= -( D? — d?) = .5236 (0: — а) 
6 


3.1416 NR^&XH 
M annees 
3 
10472 Х R?' MAH = 
.2618\D?\H 


A=3.1416\R {ЕН 
73.1416 XRXS 
= 1.5708Х D XS 


VOLUME —Continued 
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Frustum of Cone 


V = Volume У =1.0472XH(R?+RXr+r) = 

А = Агеа of Conical Surface .2618X h (D?+D ха 4-d?). 

D = Diameter of base A=3.1416XS(R+r) = 

d = Diameter of top 1.5708 XS(D +d) 
H =Height 

5 -Length of side S= /a’+H? = МУ б ато Ht 
К = Radius of base 

г = Radius of top 

a=R-r 


Table for Solving Right Angled Triangles - 
OPP ANGLE 


ANGLE | цу? : 


DJ. 













PARTS TO BE FOUND 








у 080 

















^ WhenA,B&D 2 D*LA:B: 


Ж. P Are Given ae 2D 
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TRAEDRON, or equilateral pyramid, is a solid 


bounded by four equal cquilateral triangles. 


5 


The Ті 


1. 


2. The Пехлеркох, or Cube, is a solid bounded by 


six equal squares. 


N, is а solid bounded b 


y eig 


3. Тһе Остлкрко 


equilateral triangles. 


ht equal 


o 


, із a solid bounded by twelve 
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5. The ISOSAEDRON 


equal equilateral triangl 


is a solid bounded by twenty 


es. 


This formula gives, for the diedral angle formed by 


any two adjacent faces of the 


70° 3l' 42" 


90? 
109° 28' 18" 


Tetraedron 
Hexaedron 


Octaedron 


116° 33’ 54" 


Dodecaedron 
Icosaedron 


. _» « 188" IP 28" 
Having thus found the diedral angle included between 


we can easily calculate the perpend 


cu- 


, 


the adjacent faces 


lar Jet fall from the centre of the polyedron on one of its 


faces, when the faces themselves are known. 
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REGULAR POLYGONS 


Let the areas of the regular polygons whose sides are unity, or 1, be calculated and 
arranged in the following table. 


Names | Sides || Areas 













Sides 





Names 























Triangle 3 0.4330127 Octagon 4.8284271 
Square 4 1.0000000 Nonagon 6.1818242 
Pentagon 5 1.7204774 Decagon 7.6942088 
Hexagon 6 2.5980762 Undecagon 9.3656399 
Heptagon T 3.6339124 Dodecagon 11.1961524 








POLYHEDRONS 


We have subjoined the computation of these polygons, carried on till they agree as 
far as the seventh place of decimals. 


Number of Sides | Inscribed Polygons Cireumscribed Polygons 




















4, . 2,0000000 | . . . 4.0000000 

8 2 : 2.8284271 | 3 3.3137085 

IO- у 3.0514674 . : 3.1825979 

32 . . 3.1214451 ; қ 3.1517249 

64 . .  3.1365485 . У 3.1441184 
128 . . . 3.1403311 қ .  3.1422236 
250  . . 9.412772 . .  8.1417504 
512 . . |  3.1415138 . .  3.1416321 
1024 . А 3.1415729 . . . 3.1416025 
2048 . = “АД БӨЙТ © . 3.1415951 
4096 . У 3.1415914 |. . 3.1415933 
8192 . з 3.1415923  . .  3.1415928 
16384 . . 3.415925 . . 3.141597 
32768  . 4 3.1415926 3.1415926 





































Tetraedron 1.7820508 


01178518 


Hexaedron 6.0000000 1.0000000 
Octaedron 3.4641016 0.4714045 
Dodecaedron 20.6457288 7.6681139 
Icosaedron 8.6602540 2.1816950 


Solution of Triangles by 
Natural Lines 






































TO OBTAIN 
Fev Angle Adj. Side | Op. Side | | уров. | Ор. Angle 
Op. & Нур. |Sin.— oP. МНур:—Ор: Пе | Cos— на 
Op. & Adj. | Tan =i- Ор Ад). Солі 
Adj. & Hyp. | Cos.— МШ | 
Ang. & Op. Op. X Cot. Op.--Sin. 90*—Ang. 
Ang. & Adj. Adj.XTan.|Adj.-Cos. — |e0*—Ang. 
Ang. 8: Нур. Hyp XCos. |Hvp.XSin.| 90?—Ang. 
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TRIGONOMETRIC FUNCTIONS 


QUICK REFERENCE TABLE 











Degrees| Sine Tangent |Cotangent| Cosine |Degrees 
0 0000 | .0000 |....: и 
1 .0175 57.29 
2 .0349 28.636 
3 0523 19.081 
4 .0698 14.301 
5 .0872 11.430 
6 .1045 9.5144 
7 1219 8.1443 
8 1392 7.1154 
9 1564 6.3138 

10 „1736 5.6713 
11 .1908 5.1446 
12 .2079 4.7045 
13 2250 4.3315 
14 „2419 4.0108 
15 .2588 3.7321 
16 “2786 3.4874 
17 .2924 3.2709 
18 .3090 3.0777 
19 .3256 2.9042 
20 .3420 2.7475 
21 .3584 2.6051 
22 .3746 2.4751 
23 .3907 2.3559 
24 .4067 2.2460 
20 24226 2.1445 
26 24384 2.0503 
27 24540 1.9626 
28 „4695 1.5507 
29 4848 1.8040 
30 .5000 1.7321 
31 .5150 1.6643 
32 20299 1.6003 
33 „5446 1.5399 
34 „5592 1.4526 
35 .5736 1.4251 
36 „5578 1.3764 
37 „6018 1.3270 
38 ‚6157 1.2799 
39 „6293 1.2349 
40 „6128 1.1918 
41 „6561 1.1504 
42 .6691 1.1106 
43 .6820 1.0724 
44 .6947 1.0355 
45 .7071 1.0000 





Degrees| Cosine | Cotangent| Tangent 








. AN "ATMOSPHERE," 14.7 в Ibs. at 627 F., is equal to a column of mereury 307 
high, or a column of water 339 1 feet high. Approximately exch foot of elevation = 
1a db. pressure per square ineh, but to find the exact pressure in lbs; per square тей of 
а column of water X the height in feet by 484 joo. 4384 yoo is the decimal fraction of the 
Ib. pressure per square inch of a column of water 1 foot high at 62° F. Example: 100 feet 
height of column ХОБІ = 434 и lb, pressure. | 
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TRIGONOMETRIC FUNCTIONS 
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9160470 | 12114'0 | 6261270 | 6261270 | 22212'0 
9612470 | 1662270 | 1552270 | 2672270 | 262470 
ЕЕЕЕ270 | 1656270 | 8226270 | %266270 | 021%270 
605%470 | 6049470 | 9689270 | 8805270 | 0805470 
1995470 | 1585270 | 1%09270 | 6209270 | 215940 
1649270 | 1169170 | Z9TLL°O | LetZL'0 | 1654270 
1681270 | 6408270 | 1928270 | сьь8/0 | 2298/70 
0868270 | 8516470 | 566640 | 21564 0 | 8896L'0 
860080 | 21208 `0 | 98608 "0 | 85508 0 | 06208 0 
2401870 | 2%21870 | CIPI8'O | 0851870 | 87418 0 
2802870 | 8927870 | 21928'0 | 2257870 | Ть/28:0 
9906870 | 82068 0 | 68С68 0 | 6у5Е8'0 | 80228 70 
5209870 | 2819870 | 6ЕЕР8 0 | 56%%8 `0 | 0599870 
656%870 | 2115870 | %925870 | 91758 0 | 2955870 
9995870 | 5119870 | 69198 0 | 0169870 | 25%9870 
8ь198:0 | 268980 | 9604870 | 8714870 | 1262870 
8092870 | Е%42870 | 28848 0 | 0208870 | 8518870 
1698870 | 99588 0 | 10/88 0 | 52888 0 | 89688 0 
2626870 | £9£68'0 | £6568'0 | 6296870 | 25246870 
4000670 | 681060 | 65206 0 | 68806 0 | 20506 0 
6514060 | 5280670 | 96605 0 | 9111670 | 9621670 
24%1670 | 0651670 | 904160 | 22816 0 | 9661670 
+9126'0 | 92220670 | 888260 | 66%26'0 | 60926 "0 
1282670 | 5662670 | 2906670 | 89166 0 | Е52Е6 0 
2996670 | 59566 0 | 29986 0 | 692£6'0 | 698Є6`0 
890%6'0 | 191%670 | %92%670 | 196%6 0 | /сььб'0 
9v9t6'0 | 0%2%6 0 | 289670 | #26%6'0 | 61056 0 
5615670 | +8556`0 | 246560 | 65%56 0 | 5%556 "0 
5145670 | 6645670 | 28856 "0 | +96560 | 9%096 0 
9002960 | 580296 0 | Е9696 0 | ОРР96"0 | 4159670 
1999670 | 2949670 | 5189670 | 28896 0 | 656960 
0014670 | 6914670 | 2226 70 | ф0226'0 | 1/Є/6:0 
2054670 | 99526 0 | 0t926'0 | 26926 0 | %5746 0 
5481670 | b€6L6'0 | 2664670 | 0508670 | 10186 0 
8128670 | 2408670 | 52686 0 | 825860 | 06%86 70 
1658670 | 0858670 | 629860 | 9198670 | 62/86 0 
%1886 0 | 85886 0 | 20686 0 | %%686 0 | 98686 0 
1906670 | 901660 | %%166 0 | 28166 0 | 612660 
0626670 | 26660 | 256660 | 066660 | 12%66 0 
28%6670 | 1156670 | 09566 0 | 2956670 | %6566 0 
#%966'0 | 89966 "0 | 26966 0, | %1266 0 | 96266 0 
9426670 | 56466 0 | £1866'0 | 168660 | 2%866 0 
84866 "0 | 26866 0 | 50666 0 | 41666 0 | 62666 0 
6%666 0 | 85666 "0 | 99666 0 | Є/666:0 | 62666 0 
6866670 | £6666'0 | 96666 0 | 86666 0 | 0000071 
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Gb8y'8E 166' 12 468201 | 0199870 | 6216'! | 89972 | ЕРЕ 6% 2 678500 16612: | %1/°68291 | 0199872 | 121920 | 959270 | 555000’ 
642782 058 "81 499799 | 91822'0 | МІРІ | 56972 | 912 9€ 9 228200" | 05881 49999991 | $18//°@ | S16£'0 | 699270 | 912000" 
OS£9'6L 80/`61 000'002 | 26869'0 | 001721 | 1922'2 | szt % 6 $96100° | 80/51: 000:00002 | 7686972 | 589670 | 962270 | 521000: 
%995:21. 99921 0007052 | 9020970 | 248971 | 000072 | +9 9: у 452100: | 99621: | 000:00052 | 9020972 | осьё`о | 0002 '0 | ¥90000° 
9890 2. 626 ECE'EEE | 2040 | eovv t | 1262"! | 42 6 £ 01000: | 5260: | ЕЕЕ`СЕЕЕЕ | 212472 | 201620 | 267120 | 220000' 
9ГЕ £809 0007008 | “010670 | 665271 | ср: | 8 * © 1£000' | 58290° | 000°0000S | 8010672 | 91420 | pipeto | 800000" 
9840 ГЕ 0000001 | 0000070 | 000071 | 0000": | $ і L 620000 суто" | 0007000001 | 0000072 | 951270 | 000170 | 100000" 
Li "unl adio ч " h: 
ны 9 | CX | малој | юн | дюн, | ошо | tees | ом guod "ню | ен ВН | лош loo MS 
шта = сом wot оше = ом 0001 "о коз 
6ў ev 
SM38INQN JO SNOILONNA 5аавипм AO SNOILONNSA 












































69° 2692 colle 0101701 %9С6671 19297» | 66%6:6 | 662026 1086 66 
9-2 | вв лос | 201 | 5616671 | 901929 | 662.6 | 201166 | $096 | 86 
\я-бвк/ | tz roe | #606'01 | 279801 | 2906» | 689226 | +20216 | 606 | Z6 
зе | вок | /оно: | 2661 | 68/5 > | ового | 962088 | 9106 | 96 
ec 9904 | sesez | £926 0l | 24461 | 6205 » | 89226 | 546298 | 5206 | 56 
83/6569 | 16562 | євео'ої | cieze'i | ворс | 95096 | 985068 | 9888 | 26 
162679 | 4222 | zesz-o1 | 8589671 | 206% | 20926 | 266508 | 6998 | 56 
192009 | 50`6вё | 9698'01 | 6450621 | встр | 21056 | 889844 | узев | 26 
98:059 | 88582 | 068601 | 066671 | 62697» | reese | 145664 | 1828 | 16 
41959 | 542282 ииси | 52961 | МЕРЕ | 8989 6 | 090624 | 0018 | 06 
чего | 09642 | озег'її | бєбьогі,| bore | оьєь'є | 696504 | 1262 | 68 
212809 | 9b ozz | жа | врба | 08% | 8085 6 | 205189 | М2 | 88 
895566 | 202 | ғов, | 256661 | Ol£b e | 94266 | 505869 | 696/ | 28 
08:8086 | 81:02 | 62291: | 0696621 | Obie y | 0:/@°6 | 960969 | 9664 | 98 
ы 055298 | №049 | 492711 | 2261 | 896% | 56126 | сео | 6244 | 68 
О 4471%56 68' 292 9806711 8290671 664678 | 269176 | %07266 9504. v8 
19-0156 | 5/09 | cg»0'zl | 8061621 | 1296' | porie | 782126 | 6889 | £8 
О 2021826 | 19/62 1с6б1`ё1 | 18616°1 | ырс» | #6606 | 896156 | №249 | 28 
ға oo'esig | де | 4921 | 65801 | 2926: | 00006 | 189165 | 1969 | 18 
а 6569204 ЕЕ 162 0006721 6050671 680£'P| Євьеб'8 | 000215 00%9 08 
ж 29:106» | өгем | zeso'zı | бөбегі | в0622 | 288878 | 680669 | 129 | 64 
e 9t'84/b | Фоа | 60г8г1 | GOzoR | | 2222: | 816828 | 266929 | 809 | 82 
т 59 969% 0671%2 0786721 698871 срба" | 057778 | ЄЄЗ9СЬ | 6268 22 
9:06 | 9/82 | бесі | 18088-1 | 866228 | 821228 | 9/68Ер | 9226 | 94 
ta 98 Li by ©9`6©2 cece СЕТ 906/871 410% | 509978 | 9481$ $695 GL 
~ ?8'00tv Bb els GEIG EL 826981 £86l'p | 2209'8 | %2050% 94%6 b 
а бе | 6622 | 096951 | 26601 | Єбліь | Оса | 210686 | ezes | 52 
= 050» | 61-92 | 6999 ti | Єв/ов'ї | 209129 | Єсвь'я | веселе | 9816 | 22 
Z 616966 | so'ezz | Фо | 91681 | 80bL'p | 192878 | 116266 | 1008 | м 
z 68986 | 10-610 | 25825: | 01961 | Егіс | 999Е°8 | ОООСУС | 006 | 04 
О ez'oece | 22912 | шоғы | свега: | Ol0l'v | 990628 | 605826 | i9/v | 69 
ке 89'1t9t | томе | босы | (ая | 2180: | 298026 | сета | раде | 89 
сөс | брза | 96201 | 4092821 | 619029 | 96818 | 892006 | бВҮР | 29 
= вле | свмог | sists: | забави | со: | Окс! в | 955286 | оку | 99 
M МЕТЕ | 0292 | жесе | 16218'! | 4000% | tco0 в | 69/6 | Seep | 69 
= es'gize | 90-102 | 052054 | 8190971 | 00007» | 0000-8 | ®ї1ёоё | 960b | во 
ES зач | 26461 | oce si | всбог'ї | 164626 | tzto-2 | 2006 | 6966 | £9 
e 45606 | eztot | OGzL'OL | ббебл'ї | 6ZG6:€ | Orz2-/ | GcrBee | pree | 29 
р дуга | бі | мб | Беба! | soto t | сов / | 18600 | 1246 | 19 
E t£'Z282 | ос'88і | 299991 | 51822"! | 67165 | 0992'2 | 000912 | 0096 | 09 
[an еме | св'ові | 26691 | 58022"! | 066878 | 1189'2 | 646602 | isre | 65 
= gozoz | 12:81 | вис | бьсог'ї | 604826 | 8919.2 | сиво | paee | 85 
5 92-1982 | 40 6/1 | бесі | 2866721 | cavae | 8бьог/ | 201681 | Gree | 25 
105952 | #6'521 Мел | бегі | GGz8 C | севе'2 | 9106/1 | 91€ | 95 
eeszez | 64:41 | 818180 | 9608471 | 0Е08 Е | COivZ | $/Е991 | 6206 | ss 
zz'oszz | sovcor | сега | бегеггі | волге | Gabt' | ова! | 9162 | vs 
gigoze | OS'900 | 6/98°81 | ScbcZ i | tOGZ t | 10822 | ¿zaari | 6082 | #5 
әгее2 | 9б'ед | goezet | 00912-1 | ө26226 | 1112: | 809051 | rozz | es 
Z8 'cv02 | 22-091 | 8/0961 | /6/0/71 | 980426 | preria | 169261 | 1092 | 16 
05'5961 | 80-151 | 0000°0с | 2680971 | 09896 | 112072 | 00050} | 0055 | os 
со. "unir јео фон 
M mo ef s | кон poy eq | oros | оң 
одоше! = “ON 9001 eo кы 
со 
~ 
= 66 


SYSEWNN dO SNOILONNS 


08 






























































41592" 20176 10170101. 79566" 1 1966%0 | 0є66:0 | 662026" | 1086" | 66° 
055/- | gezoe | 80-0201 | 62166. | Е566'0 | 6686:0 | 261196” | #096 | 86” 
BOREL: СОЕ | 82620001 | 2298671 | 6686'0 | б6®@6°0 | 29216: | 60%6' 
[7L 610 | 20950: | 2228671 | 598620 | 8646:0 | 9tZt88" | 9126: 
28802 скаб'е | 2592601 | 2444671 | 0Е86`0 | /}/6°0 | 5/6/98" | 52067 
96269" 15662 | оєв'єзої | 61226"! | 962670 | 569670 | 86068” | 9622" 
62629: 2126-2 | 6260011 86961 | 1926/0 | 989620 | 2529087 | 6998” 
92699" #068:2 | 496-9201 | 645961 | 9026/0 | 265620 | 8892427 | бу" 
62059" esce | 106°8601 | 2005671 | 1696'0 | 665620 | 146667 | 1828" 
#1969" 1262 | милим | 920661 | 599670 | £860 | 000624: | 0018" 
112297 0962 '2 965 2211 6565671 | 6196:0 | t£*6'0 | 696002" 1264" 
12809" 9929 | ӨСЕ | ебі | 68060 | 18860 | 2441897 | 95447 
266" 25-е | Ge Gell | 2665671 | 9}66°0 | 226620 | 206859" | 6964 
88086" 910/-2 | 1642911 | 0592671 | 015620 | 94260 | 950929" | 9667” 
6/96” %0/7972 941 £v6c6'] | 860 | 022670 21019” | 62247 
81966” 686972 997061 82267) | 669670 | 591670 | %02266” 9602” 
90156" c209'z | бів'юогі | 8061671 | 862620 | 0116`0 | 282125' | 6899" 
01826: 19/62 | 21661211 1801671 | 09670 | 550670 | 896166: | 92797 
06616: нее | воб etel | 689067) | 226620 | 000620 | 1861567 | 1992" 
99206” $519 с 000706521 6050671 | €826°0 | %%6870 0002167 | 00%9” 
2106" 6185 | tca'cozi | #9268"! | 992670 | 888870 | 65056’ | 1929” 
[OS восьс | 1902821 | 6006871 | 602670 | 268870 | cGGvZb: | #809' 
9989р" O6i' | 10478661 | буде" | 991670 | 574870 | 26990: | 6265: 
SIEG" gzee'z | osz'sig | 18088'1 | 921670 | 814870 | 946869” | 9446" 
629" 29572 ttt ЕСІ 906487) | 980670 | 099870 | 648129” 9295 
8006 АЗА Ise" (521 6269871 | 60670 | 2098'0 | 92060” 9/%6” 
Seb" 826252 | 5986951 | zecga't | #006'0 | 996820 | 410686" | 6266” 
61209 0292-2 | Gag eect | 6676471 | 590820 | 589870 | Breeze’ | 56157 
26666: 02-2 | 1вь-воь | 9219871 | 126820 | 92980 | 1164567 | tpos: |17 
сера 162 | 1984 | 0169871 | 648870 | £968 0 | 0006967 | 006%” | OL" 
#6522“ 449172 6/2 беРІ G88t8'| | 258870 | 207870 6068267 | 1945" | 69" 
#1696" gogig | eas OZ | 16281 | #6280 | 95с8'0 | Ctvblt: | 92997 | 89: 
25666" Себе | де-ебы | 20928 | | 0028 0 | свів'о | 29002: | Bry" | Z9 
ағыс egzoz | егесі | 66181 | 20/8:0 |92120 | 96/82: | 95697 | 99: 
8165" 020972 c9v 8661 1621871. | 2998 0 | 2908 0 6299427 | 62297 | S97 
02122" 90102 | 005`2961 | 81908" | | 8198'0 | 000870 | 912927 | 96097 | 59" 
аме 26/61 | 2067801 | 966671 | 646820 | 256420 | 450062: | 69667 | 59: 
16106: биље | £O 'zioL | 6626471 | 226870 | 948420 | 82882: | РЕВЕ. | 29: 
cezo’ pole'i | ве 6сә | Жегі | 1e»g'o | 018420 | 186920: | 12467 | 19 
ве | сева | 2999901 | 51822 | | 9626 | 984470 | 000912" | 00967 | 09" 
05542 ctca-1 | 16-091 | 6807471 | 286070 | 189/70 | 646602° | tare: 
10992 Izzat | 8єїсьслі | Өждгі |0980 | 919/70 | 211651' | 956. 
gise’ кегі | УБЕ Фе! | /966/71 | 162820 | 0664 0 | Е61681` | Gree: 
059927 бегі | мел | бегі | &®28°0 | Е872'0 | 9196417 | 9Е1©' 
gezez’ еі | 28138181 | 9605571 | 56180 |91770 | 5469917 | 9202" 
ё0бёё` coco, | zoe ical | бегкг'р | 180 |89470 | 594617 | 9162" 
29022: 6991 | gez'oggi | верси" | 660820 | 082220 | 248881: | 6082: 
ден. ogol | 470261 | 00912" | 1508/0 | 118470 | 8090517 | pozz: 
82702 22091 | +84'096. | 25204"! | 066420 | 161420 | 15925 | rosz: 
65961" gosci | 0000002 | 2686971 | 466420 | 120 o | 0006217 | 00527 

әл што 2026153 

ind ind телен | uton f юн | дови tang | orros | ом 

weg = оо! ә s 
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9720116 817629 21920 "8 58865 °С. | €8€8°S | 7901751 | 669088/ | 10968 
4706706 %-229 1505075 2996272 | 682876 | 2140781. | 2662944 | %0266 | 861 
670806 68 819 %194076 296272 | 981876 | 2560761 | Є/Єсь9/ | 60882 | 26! 
6714106 547619 60201 с 9226272 | 8808:5 | 000078! | 9566264 | 91988 | 961 
8' 19862 197219 1282176 5006272 | 686275 | 2996761 | 6786194 | 62086 | 961 
2 66660 2% 609 %9р6176 0878272. | 0682'S | +826'2! | 5861067. | 95946 | $61 
є ссс6с t£'909 S£I8l'G 9668272 | 06//`6 | Ф©68`©1 | 2506812 | 69246 | 61 
6:25682 | 617509 t£902'G Ott£82'2 | 0692°S | Ф958 £1 | 8884404 | $9898 | 261 
1:26982 %07009 0966276 ғ018272 | 06646 | 6028761 | 1282969 | 1859€ | 161 
6725682 06 96S 91E9%°S 6484222 | 68745 | 0987761 | 0006989 | 00198 | 061 
2 сс08с 92°€6S 1016276 9897272 | 88646 | 2792761 | 696169 | 12266 | 681 
17662776 297066 ©161Є`6 91Ф/2`© | 482476 | Є11/`Є1 | 2295599 | РРЕСЕ | 881 
9`#9/ё 89 286 6649675 %8142:2 | 681776 | 8979761 | 5056569 | 69696 | 481 
9712176 | ФЕ PBS tt9/£'G 1669272 | 80476 | 286971 | 9С8ьЄь9 | 96сьЄ | 981 
208892 | 61'186 1#60Р`6 4149@`@ | 086975 | 6109761 | 6291669 | 62096 | 681 
» 06602 50'845 82btv'G 289022 | 4489'G | 299671 | 9066209 | 96856 | 981 
2:20592 16 %26 8990976 6909222 | %44975 | 2226761. | 1898219 | 68ЬЄЄ | 281 
6:61092 447146 16%6р 6 2009272 | 149975 | 7068751 | 8958209 | %2166 | 281 
р 05466 ғ9'895 986 `6 8946272 | /969`6 | 9669761 | 1946265 | 19726 | 181 
679962 | 6% 596 95855 `6 4256222 | 299976 | v91v'£L | 0002685 | 00926 | OBL 
6799162 567296 6698676 св262:2 | 755975 | 167761 | 6666676 | ОСЕ | 6/1 
9798890 | 067665 8671976 2906272 | 262976 | Live EL | 26526696 | #8912 | 821 
450992 90 966 246У975 2649272 | 291976 | 1РОЕ ЕГ | 58266556 | 6681 | 221 
5782690 267255 2818975 16622 | 1#09'5 | 5992761 | 944156 | 94608 | 921 
872500 847696 бори С фосра'а | РЕБС'Є | 8822761 | 6486556 | $6908 | 921 
2784452 %07996 ЯМІ С SGOtZ'2 | 828979 | 6061761 | 5208926 | 92202 | #21 
2'90962 OG'£tG 55084 с 6086272 | 12455 | 6261761. | 4144419 | 62662 | #21 
2 GEES СЕ 'OvG S6t18'G єссєг 2 | 6196'5 | 6РІІГЕІ | 8998806 | #8562 | 2/1 
8759622 127456 5649876 0066272 | 50565 | 2970761 | 1120006 | 19262 | 141 
0786922 407%%6 66288 `6 6906272 | 2665756 | 9860761 | 000616 | 00682 | 0/1 
871622 t6'0tG 91416'8 68222'2 | 882575 | 0000°51 | 608928% | 19982 | 691 
1749122 647226 82096 6 1есса а | 8219'5 | 6196721. | 2691676 | 92082 | 891 
07%0612 69 7%46 20806 "5 422222 | 690676 | 822621. | $95469 | 68822 | 291 
ъс 05 125 01220 '9 10222 | 656975 | 1988721 | 96сь/сь | 95542 | 991 
6728612 967816 1909079 8941222 | 898875 | 2598721 | сісбьь | 622/0 | SOL 
1792112 207616 9546079 вөы222 | 76286 | 2908721 | зьбоїи» | 96892 | POL 
2749802 80216 4696179 біғ12:2 | 92985 | 1497721. | ZeZ0££v | 69992 | 591 
0721902 +6 "806 %827179 265602:2 | 1655 | 6424721 | 8261626 | 99292 | 291 
©`8С6©0ё 08`606 81112'9 ғ8902:2 | 109975 | 9889721 | 182621» | 12662 | 191 
2790102 597205 0006279 рос" | 8825 | 1689721 | 0009605 | 00952 | 091 
4756861 15'66% 1568279 0ғ10222 | 64185 | 5609721 | 629610» | 18252 | 661 
4790961 46796» 1162679 9986172 | 19055 | 8696721 | С1ЕФЬбЕ | $96Фё | BSL 
876661 té 't6v $5695 "9 0666172 | 496675 | 0066721 | 6686986 | 69990 | 291 
b'ELIGI 60"06% 9201979 ZIEGL'Z | 268675 | 006721 | 9159646 | ЄЄР | OGL 
2769881 56 98% 1916979 €£061'% | (16°6 | ббрр'сі | 6/86246 | 920ь2 | 951 
592981 18`ЕВР 1267 "9 2648172 | 1095°6 | 2609'21! | 5922696 | 91/82 | усі 
v'S8t8l 99'08t S6sts'9 6998172 | S8PE'G | 6696721 | 7261866 | GOES | ESL 
8 6ғ181 eS Llp 56827579 68181 `2 | 89t£'G | 8826721 | 8081158 | POLES | 291 
6740671 86 7%/% 26522979 8684172 | 16265 | 2882721 | 196ерьЕ | Ю822 | 151 
65-4941 то 4999979 6097122 | ЄЄ1&`6 | Ф/%©`°С1 | 0008458 | 00522 | 091 
солу, *шпәл2 тему ө T бё . 
E шчил 601 мо events 99" ejenbg | “ON 
зодошлид = "ON 
661 
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9796971 | 0189р 1911779 61241"2 | $1085 | 9902 2! | 6%670Ғ6 | 10222 | 6+ 
*'£024l 96'v9v 92952 `9 92041 `2 | 9682`6 | 6691721 | 2671926 | #0612 | 871 
4' 14691 18719» 2420879 2549172 | 9440 9: | фра! 21 | 269716 | 60912 | 271 
6 "1949г 49'807 26678 `9 сер01 `2 | 9с92:с | 0680721 | 9812116 | 91212 | ӘРІ 
0751691 | <64766% 55968 `9 4519122 | 9652 5 | 9180721 | 9298506 | 652012 | 57! 
0'9829! | 66726 bvbb6'9 9581 "2 | 61%2:5 | 0000°21 | 5865862 | 96/02 | Брі 
9709091 | SC'6** 10©66`9 ÞESGL'Z | 562276 | є896711 | 7029262 | брьО2 | ЕР 
8 96861 1179 6229074 6226176 1126 | #916711 | 8826982 | 99102 | Zbl 
6781961 96 bb 0226072 226122 | 8026 | 6978711 | 1225082 | 18861 | lbt 
8756661 | c8'Gtv 982+1 `4 Є1991`© | 926175 | 2268711 | 0009ғ22 | 00961 | ОР! 
2784161 | 89 дер beret’ 1068172 1081:5 | 8684711 | 6195892 | 12661 | 681 
1745661 ъс СЕР 8599274 8866172 | 949179 | Є/%/711 | 2708292 | ФРОб! | 881 
Е Or'Ott 49662 4 219812 166176 | 7907711 | 6661762 | 69481 | 481 
492681 | 92° Leb $656 4 bSEEL'S | 925179 | 6199711 | 956160 | 96581 | 951 
6'£I£vl eV bey 1940672 6606172 | 662135 | 0619711 | 620950 | 52281 | SEL 
9720181 467028 6929977 омега | 241126 | 86/6711 | 9019092 | 96621 | ФЕЇ 
6 cO8EL | «87719 0881677 6862172 | 60176 | 9266711 | 2692662 | 68941 | EEL 
8 +8951 69781» 9467672 4602172 | 916075 | 1686711 | 8966622 | %0ғ71 | 261 
28/81! SG Lib 66ЄЄ9`/ 4241172 | 884075 | SGbb^ 11 | 160922 | 191/1 | IEL 
T'ELZEL 1» 80ғ 1626972 %6611:2 | 8990'G | 810b^11 | 0004615 | 00691 | 061 
869081 427505 %616774 65011 `2 | 825075 | 8766711 | 6899512 | 19991 | 621 
0 8992! | 21720 0621877 1240122 | 2606 | ZELE`LL | 2617602 | 98694 | 821 
4749921 | 86 866 2097874 08601:2 | 592075 | %692711 | Е8Е8%02 | 62191 | 221 
0 69921 %8 566 1696672 4500172 | ££10'S | 0622711 | 9220002 | 97861 | 921 
8`14201 | 047266 0000078 1696072 | 0000'G | Ғ081711 | 6216661 | 5295! | 621 
6797001 | 965686 2599078 2966072 | 998679 | 66Є1`11 | 9299061 | 94661 | #1 
$28811 | 29 986 8006178 1668072 | 26267 | 6060711 | 2980981 | 62161 | EZL 
6'68911 | 727586 2496178 9698072 | 765679 | 090711 | 885181 | Вар! | ZZL 
0766ғ11| Є1`08Є 9992 8 6428072 | 19%67% | 0000711 | 1991441 | Повії | 121 
4760611 667946 5555578 816/0`@ | $656°ь | 5966701. | 0008241 | ООРР! | 001 
0722111 | 98 °Є/Є 9t£t0t'8 5567072 | 481679 | 4806 OL | 6515891 | 1911 | 611 
6`С6©601 1404€ 8972 8 88120'2 | 60066 | 8298701 | сереро! | 92661 | 811 
Е 16/01 467496 1049578 6189072 | 016876 | 2918701 | 5191091 | 68961 | 211 
Е 89501 сь %92 6902978 9%%9072 | 04/87% | 6042701 | 9680961 | 96961 | 911 
6799501 | 827196 5956978 0709072 | 629878 | 8624701 | 6480261. Si 
0770201 $1 '855 €6122°8 06960°& | 8878 # | 1//9`01 | РЬСІВЬІ 148) 
4782001 | 007666 9569878 8065072 | OPEB" | 10901 | 2682961 ей 
£0'2686 987166 45806 8 226%072 | 2028 Ф | 0686701 | 826ғ0ғ1 e 
68 9/06 247896 10600 `6 600 с | 66087% | 7666701 | 1592981 и 
©©`Є066 85 `сРЕ 16060 `6 6€1v0'C | PIGZ'* | 1888701 | 0001581 оп 
©Є`1ЄЄбЄ ер еее 1694176 $560°© | 692779 | £0bb Ol | 6205621 601 
88'0916 62 '6t€ 92652 6 Cvt£O C | 229779 | £26E Ol | 2146621 801 
20' 2668 $1'955 6455 `6 8662072 | $/Ф/`Ф | ЬЕ OL | 50661 401 
Е2`6288 10 ЕЕЕ 96tt£*'6 1662072 | 92Ұ27% | 9662 0L | 0101611 901 
10°6S98 487626 18626576 611202 | 4418" | 0482701 | 52925 1 | ‚50! 
487%6%8 #2 7926 85619:6 20410'2 | 2204 | 0861701 | фовракћ. ко 
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950621 625521 22908 '% | 26009 2 | 619674 | 05/6 61 | 66112559 
орт 90621. 9521622 | 886662 | 95667 | 66%6 61 | 26492059 
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әб | 9601 | єєзов'а | сә26:2 | 905077 | 6189-1 | визвове | 108121 | бує 
6166 | 65601 | sceze'z | 85196 Z | 8650 Z | 8vG9 81 | Colvblb | 990121 | Bre 
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SPLINE FITTINGS 


FOUR-SPLINE FITTINGS 
(S. A. E. Standard) 








4А 
W=0.241D 
h=0.075D 
d—0.850D 





SIX-SPLINE FITTINGS 
(S. A. E. Standard) 





TEN-SPLINE FITTINGS 
(S. A. E. Standard) 





| h—0.095D 
d=0.910D d=0.810D 
Mix 41 parts of boracic acid, 35 parts of pure, 
dried common salt, 20 parts of ferroeyanide of 
COMPOUND potassium, 8 parts rosin and + parts carbonate 


of sodium. When this compound is to be used, 
FOR WELDING a sufficient quantity is seattered upon the arti- 

CAST STEEL. cle to be welded, whieh has been heated to а 
light red heat. It is then heated to a strong 
yellow heat and the welding accomplished in the 
usual manner. 
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Limits for Turning and Grinding—The limits given in the table below 
are recommended for use in the manufacture of machine parts, to produce satis- 
factory commercial work. These limits should only be followed under ordinary 
conditions. For special cases, it may be necessary to increase or decrease the 
limits given in the table. The allowance to be used when rough turning parts to 
be ground varies from 0.010 to 0.030 inch; that is, a part to be ground to a diameter 
of 1 inch would be rough turned in the lathe to a diameter of from 1.010 to 1.015 
inch, while а 3-inch shaft may have an allowance of from 0.015 to 0.025 inch. 
The allowance depends largely on the class of work. 


Allowances for Fits 


Grinding Limits for Cylindrical Parts 


(+ Designates larger than nominal size; — Smaller than nominal size.) 








Limits, 
Inches 


Diameter, 
Inches 


Diameter, 
Inches 











Limits, 
Inches , 













Running Fits—Ordinary Speed 





Driving Fits—Ordinary 


Up to | — 0.00025 to — 0.00075 









Up to. 14 | + 0.00075 to + 0.0015 
.001 









15 (01 — 0.00075 to — 0.0015 15 tol + 0.00 to + 0.002 
1 to2 — 0.0015 to — 0.0025 |l (о? + 0.002 to + 0.003 
2 to3yl$, — 0.0025 to — 0.0035 |2 (032,6 | + 0.003 tot 0.004 
315 to 6 — 0.0035 to — 0.005 359 to б + 0.004 to + 0.005 








Running Fits—lligh-Speed, Heavy Forced Fits 


Pressure and Rocker Shafts 























7р to — 0.0005 to — 0 001 Up to И | + 0.00025 to + 0.0005 

15 tol — 0.001 to — 0.002 15 (01 + 0.0015 to 4 0.0025 
1 to2 — 0.002 to — 0.003 1 to2 + 0.0025 to + 0.004 
2 to3l$| — 0.003 to — 0.0045 |2 #03: | + 0.004 tot 0.006 
315 to 6 — 0.0045 to — 0.0065 {13% to б + 0.000 to + 0.009 










Driving Fits—For such Pieces 
as are Required to be 
Readily Taken Apart 





Sliding Fits 


















— 0.00025 to — 0.0005 
— 0.0005 to — 0.001 
— 0.001 to — 0.002 
— 0.002 to — 0.0035 
— 0.003 to — 0.005 


How to Anneal Tool Steel 
Carbon tool steel may be annealed by heating slowly and evenly toa 
cherry red and then placing in a box of lime or ashes to cool slowly. 
The steel should be completely covered and when it is cooled to room 
temperature will be ready for machining. 


0 to + 0.00025 
у to 1 + 0.00025 to + 0.0005 
1 to2 + 0.0005 іо + 0.00075 
2 (0325 | + 0.00075 to + 0.001 
3% to 6 + 0.001 to+ 0.0015 
























How to Ánneal Brass 
Brass that has been hardened through cold working may be annealed 
by heating to a dull red when held in dark shadow and plunging into 
cold water. Care must be taken not to overheat the brass. 
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То Remove Dry Paint trom iron or Steel — Dip a 
swab with a handle in a strong solution of oxalic 
acid. It softens at once upon being moistened 
PROPORTIONS OF SQUARE SHAFTS 
AND FIT ALLOWANCES 
B B 
Nomi- i Permanent Fit — =0.80 | Sliding Fit — =0.73 
nal D | р 
Diam. 1 П | |! | қ 
А в | С р | Е | F|G А | в, | с р Е 
-- | | 
М | 0.193] 0.189) 0.187| 0.250| 0.260| 56 | % | 0-257 0.248| 0.250| 0.344] 6.354 
0.188| 0.186| 0.245| 0.252! | 0.247| 0.249| 0.339| 0.346 
% | 0.290] 0.283| 0.281| 0.375| 0.385| 7% | 34 || 0.386| 0.373| 0.375) 0.516] 0.526 
0.282| 0.280 0.370| 0.377| | 0.372) 0.374| 0.511| 0.518 
М | 0.386| 0.377| 0.375! 0.500, 0.510 2% 3 334| 0.498] 0.500! 0.687, 0.697 
0.376| 0.374| 0.495| 0.502! 0.497] 0.499| 0.682| 0.689 
% 334| 0.502] 0.500| 0.625! 0.635; И 34 || Чај 0.623) 0.625) 0.844| 0.854 
0.501| 0.499| 0.620! 0.627] | 0.622] 0.624| 0.839| 0.846 
з “а 0.564! 0.562| 0.750! 0.760|. 1% 1 | 44 0.748| 0.750| 1.031! 1.051 
0.563| 0.561 0.745| 0.752, | 0.747| 0.749| 1.026| 1.036 
% 4% 0.689) 0.687 0.875) 0.885; 14% | 1X4 | 2% 0.873| 0.875] 1.187| 1.207 
0.688, 0.686! 0.870) 0.877! | 0.872| 0.874| 3.182} 1.192 
1 27%] 0.815) 0.812] 1.000! 1.020) 1% | 114 || 116 | 0.998] 1.000] 1.375| 1.395 
0.814) 0.811| 0.995, 1.005! | 0.997| 0.999} 1.370| 1.380 
1% 26] 0.878| 0.875] 1.125| 1.145|,1% | 155 || 15% | 1.123} 1.125) 1.562| 1.582 
0.877| 0.874| 1.120) 1.130! i 1.122) 1.124: 1.557, 1.567 
1% | 1% | 1.103) 1.0001 1.250} 1.270] 1% | 114 19% | 1.248| 1.250| 1.687| 1.707 
1.102| 0.999] 1.245| 1.255 ! 1.247| 1.249| 1.682| 1.692 
1% 1% | 1.128! 1.125] 1.375] 1.395, 176 | 2 | 17% 1.373| 1.375] 1.875| 1.895 
1.127) 1.124, 2.370] 1.380 | 1.372| 1.374! 1.870] 1.880 
1% | 1% | 1.128] 1.125) 1.500! 1.520| 176 | 2 |! 1354) 1.498| 1.500| 2.062| 2.082 
1.127| 1.124! 1.495| 1.505 | 1.497| 1.499! 2.057| 2.067 
1% 174) 1.378! 1.375! 1.750) 1.770] 2% | 2% 1134) 1.748) 1.750] 2.375] 2.395 
1.377] 1.374) 3.745) 1.755 | 1.747| 1.749) 2.370] 2.380 
2 1244 1.504) 1.500) 2.000} 2.020) 276 | 3 | 21% | 1.997 2.000) 2.750] 2.770 
1.503, 1.498! 1.995; 2.005 | 1.996) 1.998) 2.745| 2.755 
2м 1134] 1.754! 1.750) 2.2501-2.270) 276 | 3 || 256 | 2.247] 2.250) 3.062| 3.082 
1.753. 1.748) 2.245, 2.255] | 2.246| 2.248| 3.057| 3.067 
2% 2% | 2.004 2.000) 2.500) 2.520) 3% | 3% | 274 2.497| 2.500, 3.437| 3.457 
2.003| 1.998! 2.495! 2.505 | 2.496| 2.498| 3.432] 3.442 
234 | 2% | 2.254) 2.250, 2.750 2.770| 336 | 334 | 25544 2.747! 2.750] 3.750] 3.770 
2.253) 2.248| 2.745| 2.755 | 2.746| 2.748| 3.745| 3.755 
3 2314| 2.504 2.500! 3.000! 3.020| 376 | 4 | 3% | 2.997| 3.000] 4.125) 4.145 
2.503! 2.498| 2.995| 3.005 li 2.996| 2.998| 4.120| 4.130 
3M 2554| 2.754| 2.750] 3.500] 3.520| 4% | 414 1 3394| 3.497| 3.500! 4.750] 4.770 
2.753, 2.748) 3.495) 3.505 | 3.496| 3.498) 4.745| 4.755 
4 ЕД 3.254 5 250! 4.000 4.020 5% | 534 || 4X6 | 3.997| 4.000] 5.500] 5.520 
3.253! 3.995! 4.005 i 3.996! 3.998] 5.495] 5.505 
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TEMPERING OF TOOL STEEL 


The following table gives the temperature in degrees Fahrenheit necessary to produce the required 
color, when tempering hardened steel: 


Lathe, Shaper and Planer Tools: 
430?— Very light straw color. 
450°—Light straw color. 


Taps, Dies, and Wood Turning Tools: 
470°—Dark straw color. 
490°—Very dark straw color. 


Hatchets, Chisels, etc.: 
500°—Brownish yellow. 
520°— Yellow tinged with purple. 
530?— Light purple. 


Springs, etc., 
550?— Dark purple. 
570°— Dark blue. 


Proportional parts of lead to one pound of pure block tin, which when melted will have the temperature 
in degrees Fahrenheit necessary to produce the required color on hardened steel, by simple immersion: 


Pounds of Lead 
COLOR Temperature to One of Tin 


Very light straw color 134 lbs. to 1 lb. 

Light straw color - 2V$ lbs. to 1 lb. 

Dark straw color. 2% lbs. to 1 lb. 
3% lbs. to 1 lb. 7 





Brownish yellow... 434 lbs. to 1 lb. 
Light purple 75% lbs. to 1 lb. 
Dark purple | 12 Ibs. to llb. 
Dark blue. 25 Ibs. to 1 lb. 





CASE HARDENING WROUGHT IRON 


This process gives to wrought iron, a surface having the properties of steel, and parts subjected to 
friction are enabled to withstand considerably more wear. The depth to which the hardening may extend is 
from 1/16 to 1/8 inch. To case-harden, the polished surface is heated to a cherry red and then placed in a 
mixture of charcoal and soda ash, or ferro-cyanide of potassium and pieces of leather. 


PREVENTION OF RUSTING IN OF SCREWS 


The screws in machines exposed to heat and moist air soon rust in, even if oil is used, which makes the 
taking apart of a machine a difficult task. By dipping the screws before putting them in place in a thin paste 
of graphite and oil, they can be removed without difficulty, even after being in use for several years. 


POUND RIVETS 
(Flat Head) 
IN STOCK IN 200 POUND KEGS 














Dimen. Dimen. Dimen. 


Size Pr. Size Pr. Size Pr. 
Weight per | Weight per | Weight per 
per M | Dia. |L'gth| 1b. per М | Dia. |L'gth| Ib. per M | Dia. |L'gth| Ib. 











2  ]bs.|.140| 176, | 28 .200| 2%, | 20 . 233| 155» | 19 
29” |.147| ? | 25 .215| 135 | 20 1$ | 17 
” |.160| 5% | 24 .225| Из | 20 17 


3 
4 " L173| 9$ | 22 .230| 2% | 19 
5 


" 1.185 За | 21 






Crankshaft Turning 


Crankshaft turning is an 
adaptation of eccentric ma- 
chining. A single throw crank- 
shaft mounted in the lathe 
for machining the throw bear- 
ing is shown іп Fig.” The 
adapters attached to each end 
of the crankshaft have offset 
center holes corresponding to 
the throw of the crankshaft. 


M 
A Crankshaft Mounted in the Lathe for’ 
Machining the Throw Bearing | 





194 





UNIVERSAL MACHINISTS HANDBOOK 


MELTING POINTS AND COLOR SCALE 
MELTING POINT RANGES 


MELTING POINTS 


DEG. Е. 

CHROMIUM 3000 
PURE IRON 2900 
STAINLESS-12% CR 

2800 
MILO STEEL 
COBALT 2/9 
NICKEL 2600 
SILICON 
STAINLESS 18 8 nm 
HARD STEEL 2400 
INCONEL 2300 
MONEL 
MANGANESE 220) 
HAYNES STELLITE 2100 
COPPER ame 
GOLO 1900 
RED BRASS 

1800 
SILVER ШЫ 
YELLOW BRASS 1600 

1500 
MANGANESE BRONZE 

1400 
ALUMINUM 1300 
MAGNESIUM 1200 

T 

ANTIMONY 1100 

1000 

900 
ZINC n 

700 
LEAD 600 
BABBITT 

500 
TIN 

400 

300 

200 

100 

0 


Testing’ Crankshafts 


Crankshafts may be tested 
between the lathe centers, as 
shown in fig. J The dial 
indicator mounted in the tool 
post of the lathe reads in 
thousandths of an inch and 
wil show exactly how much 
the crankshaft is sprung and 
will also disclose any out-of- 
round condition of the bearing. 
Straightening a crankshaft is 
а delicate job and should be 
attempted only by an ex- 
perienced mechanic. 


COLOR 
SCALE 


WHITE 


LIGHT YELLOW 


ORANGE 


SALMON 


BRIGHT RED 


CHERRY 
oR 
DULL REO 


MEDIUM CHERRY 


DARK CHERRY 


FAINT RED 


COLOR SCALE 
Annn 


DEG. F 
3000 


DEG. C. 















1600 
WROUGHT IRON 


1500 
NICKEL ALLOYS 


14% CHROMIUM 
NICKEL. 

CHROMIUM 

1300 NICKEL STEELS 
AND IRONS 


1200 
CAST IRONS 


CHROMIUM 





1100 
NICKEL- 
CAST IRONS 
1000 
BRASSES 
900 
BRONZES 
800 
700 
600 
ALUMINUM 
ALLOYS 
500 MAGNESIUM 
ALLOYS 
400 TIN ALLOYS 


300 





200 


LEAD ALLOYS 


100 
Й 





Fig. 1. 





Testing а Crankshaft in the Lathe 
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COLOR AND TEMPERATURE IN HEATING STEEL 


HE average blacksmith and repair 

shop is not equipped with pyro- 
meters with which to accurately deter- 
mine the heat temperature of iron or 
steel. They have to depend upon the 
human eye, and in vision the idea of 
color frequently varies, but for all 
practical purposes color can be used 
as a fairly accurate gauge in heating 
and témpering steel. 

Solid bodies which are heated to a 
point so that they glow with the in- 
tensity of their own heat will emit 
certain colors, depending on the tem- 
perature and this independently of the 
nature of the heated material. In 
other words, a piece of iron or steel 
heated to 1500 degrees F., will have 
practically the same brightness and 
color as a piece of firebrick which 
has been heated to the same temper- 
ature. 

Consequently, providing that the 
eye of the individual and his keen- 
ness of vision are true, the following 
table will enable the mechanic who 
has not a pyrometer to determine 
approximately the temperatures of 
iron or steel from the following colors: 


Approximate 

Temperature 

Color Deg. Fahr. 
Lowest red visible in the dark .. 800 
Lowest red visible.in twilight .... 900 
Lowest red visible in daylight .... 950 





Кате жей ананан ....1000 
Blood, medium е ODO! 
DAI ER БЕРЛИН лр dies 1100 
Dark cherry гей................................ 1250 
Full cherry red... 1300 
Bright cherry red... 1450 
Salmon e 

Light red 

Dark огапде нн 1625 
Orange .......... 

Full yellow .. 

Lemon ............ 


Light yellow 
White 








When the temperature is too low 
for the material to glow — as in tem- 
pering — it is sometimes possible to 
estimate it by placing a piece of pol- 
ished steel at a point where it can 
come approximately to the temper- 
ature of the article to be determined 
upon. After taking the steel away it 
will be found to have a “temper” 
color corresponding to the highest 
temperature reached by it. These 
colors for the various temperatures 
are given below and are only for the 
range between 430 deg. and 600 deg. F. 





Temperature 

Color Deg. Fahr. 

Very pale yellow... ert 430 
Light yellow 7а 

Pale straw уе[о№............................ 450 

Straw vello дао 460 

Deep straw yellow............................ 410 


Dark yellow 
Yellow brown 
Brown yellow 
Spotted red yellow 
Brown purple 
Light purple 
Full purple 
Dark purple 
Full blue 
Dario blue ааа адел m 

Very dark Шел аи cnr 

From the foregoing table on high 
heats it is possible to consider the 
heating and cooling cycles of 0.20 per 
cent carbon steel, for example. This 
is about the average carbon content 
of the steel most widely encountered 
in the trade. 

Kefer to the heat colors in the 
above chart, and you can then deter- 
mine the temperatures at which the 
changes take place in the composition 
of the steel due to the heat or cooling 
applied. By this means you can make 
heat treatment closely accurate in the 
blacksmith shop. 

Stress Relieving, 1150 deg. F. — 
Around this temperature, there is no 
change in grain size or composition 
of the steel. But there is a change in 
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COLOR AND TEMPERATURE 
(Continued) 


grain structure resulting in plastic 
flow of the material. In this manner, 
any internal stresses induced by -veld- 
ing are to all intents and purposes 
nullified. But if the material has 
received a permanent set after weld- 
ing, stress relieving will not return 
it to normal. 

The material should be held at this 
temperature for an hour per inch 
thickness. Cooling in still air is 
recommended. 

Critical Temperature, 1330 deg. F. 
— Мо change in grain size of steel but 
change in composition starts. Iron 
carbides begin to dissolve and au- 
stentic iron makes its appearance. 
Below this temperature, quenching 
has no effect on hardness. Above this 
temperature, quenching increases the 
hardness but lowers the ductility of 
the steel. 

Critical Temperature, 1520 deg. Е. 
— At this high-critical temperature, 
full austentic iron is obtained. Quick 
cooling just above this temperature 
results in a fine grained, hardened 
steel. As the temperature increases, 
however, grain growth begins and 
quenching results in large coarse 
grains with a corresponding loss in 
ductility. For welds in this state sub- 
sequent annealing is strongly recom- 
mended. 

Hardened steels may be tempered 
by reheating to a temperature just 
below the critical range and followed 
by a convenient rate of cooling. 

Top Annealing Temperature, 1625 
deg. F. — For full annealing, the steel 
should be held around this temper- 
ature for one hour per inch of thick- 
ness and cooled very slowly in the 
furnace or in some medium such as 
lime that will prolong the rate of 
cooling as compared to that of air. 

Top Quenching in Water, 1640 deg. 
F. — Above this temperature (a dark 
orange), the steel should be quenched 
in oil or lead. 
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Top Normalizing Temperature, 1770 
deg. Г. — The steel is heated at this 
temperature and cooled in still air at 
ordinary temperatures. The steel is 
thus given a grain of known struc- 
ture, size and composition. Normal- 
izing is always followed by some de- 
sired heat treatment. 

Top Forging Temperature, 2380 
deg. F. — Above this temperature, the 
steel should not be forged. 

At 2710 deg. F. liquid iron appears 
in the steel, and at 2770 deg. F., iron 
becomes completely liquid. 


Melting Points of Metals 
Some metals seem to 
melt more easily than others, which 
I presume means they melt at lower 
temperatures. Where can I obtain 
a table showing the approximate 
melting points of the principal met- 
als used in welding? 

As this is a subject of 
general interest we have compiled 
such a table and it is given below. 
It must be remembered, however, 
that pure metals melt at the tem- 
perature given, whereas alloys, that 
is combinations of 2 or more metals, 
have a melting range, and not a sin- 
gle melting temperature. 

By a melting range we mean that 
there may be a difference of 10 or 
15 or even more degrees during 
which some of the crystals of the 
alloy are molten. while others still 
remain solid or in a plastic condi- 
tion. As the temperature increases 
finally the whole mass becomes mol- 
ten. 

MELTING POINTS (Approximate, 
of Pure Metals and Alloys) 


Degrees F. 
кеп (PUTNEI Зола ае зна Ен 2786 
Steel (Mild) (Alloy) ......... 2700 
Nickel (Роге): „аан 2646 


Steel (Medium Carbon) (Alloy) . 2600 
Steel (High Carbon) (Alloy) ..2500 


Monel Metal (Alloy) ......... 2480 
Iron (Cast) (Alloy) .......... 2300 
Iron (Malleable) (Alloy) ..... 2300 
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MELTING POINTS (Continued) 
Copper (Pure) 
Bronze (Phosphor) (Alloy) ...1922 
Brass (Common Yellow) (Alloy)1652 
Bronze (Tobin) (Alloy) 
Silver Brazing Alloys..1175 to 1600 
Aluminum (Pure) 
Aluminum (Cast) (8% Copper) 

(Alloy) 
Aluminum (5% silicon) (Alloy) 1117 


Antimony CPüre) ...... 1166 
Zine (Pure) 56:69 ввозу moy 786 
Babbitt (Alloy) ........ 500 to 700 
Lead (PUTE) она sens mara ная я 620 
Solder (Alloy) ......... 350 to 550 
Ий (PUTOJ dips deed ves ревеню 450 


Blow Holes In Cast [топ 


What causes the molten 
metal in welding cast iron to be full 
of blow holes? When I first start to 
make a weld in a casting I seem to 
get along fairly well, but the puddle 
soon develops a lot of blow holes, 
which I cannot get rid of. Is the 
trouble with the rod, or flux? 

The reason why you do 
not have difficulty when the metal is 
first molten is because the metal is 
hot enough to melt, but not too hot to 
produce gas. If the puddle of molten 
metal is overheated certain constit- 
uents are burned producing gases, 
which will bubble from the molten 
iron. In other words, the puddle will 
"boil" as it is often called. If the 
molten metal is allowed to cool quickly 
the gas is entrapped as the metal 
solidifies and “blow holes" result. 

To avoid this condition it is only 
necessary to heat the puddle to a 
lower temperature. This can be done 
by using a smaller tip, or preferably 
by reducing the pressure of the two 
gases, oxygen and acetylene to pre- 
vent what is sometimes called a 
“blowing” or harsh flame. Some weld- 
ers get into the habit of using too 
large a torch for the job and some- 
times they turn the pressures up too 
high for a soft neutral flame at the 
tip. When this is done a casting, or 


any other job, which is being welded 
is likely to be overheated. Perhaps 
one of the difficulties lies in trying to 
heat a casting too rapidly and failing 
to preheat the casting before starting 
to weld. 

Cast iron should be heated very 
slowly and if the casting is of any 
size it should be protected by fire 
brick, asbestos, or other means during 
heating and the heat should be slowly 
applied until the casting has reached 
a dull red heat. 

When the torch is used, with a 
properly adjusted flame, the puddle 
may be kept just hot enough, but not 
too hot. Good rods and fluxes are of 
course essential, but ordinarily blow 
koles are not caused by these, but are 
the result of too much heat, as de- 
scribed above. We would suggest that 
you take a scrap casting and experi- 
ment with these thougnts in mind. 
We believe you will solve the trouble. 











Difference Between Sheet 
and Cast Aluminum — 
Method of Welding Each 


Cast Aluminum is usually an alloy of Approx 
86) copper and the balance aluminum. In some 
inatances a small amount of zine is added. Approx. 
melting point is 1175 F. 


Aluminum Sheets (for tanks, ete.) are usually 


Pure Aluminum, Melting point Approx. 1215 F 


Cast. Aluminum is ordinarily welded with a cast 
aluminum flux and cast aluminum welding rods 
made of the same alloy. Some preheating is usually 


necessary and can be done with city or natural 





gas burner without air. Care must be exercised’ 
to avoid overheating, and casting well supported 
to prevent warping. 


Aluminum Sheets (pure aluminum) is usually 
welded with pure aluminum welding rod and a good 
shect-aluminum flux. Very thin sheets may be 
flanged (edges bent at right angle to sheet) and 
flanges held securely together in а jig. Flux may 
be pasted on the земп and flanges melted down 
to make the weld. In this case, welding rod is not 
required except at start — or to repair hole acci- 
dently melted in the metal. 
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RYERSON COLOR MARKS FOR STAINLESS STEEL 














С'оде | Type No. “Color Mark Grode Type Мо. Color Mark 
18-6 302 Yellow 18-8-M 316 Purple 
18-8-EZ 303 Black 18-8M Spec. 317 Orange 
18-8-5 304 Green 18-8-С 347 Pink 

25-12 309 Brown 12-EZ 416 Blue 

25-20 310 Red 





HEAT TREATMENTS FOR CARBON 
AND ALLOY STEELS—1 


(Recommended for various steels conforming to S. A. E. specifications) 





Heat Treatment A 


After forging or machining: 

1. Carbonize between 1600? F. and 
1750? Е. (16507-1700? Е. de- 
sired). 

2. Cool slowly or quench. 

3. Reheat to 1450?-1500? F. and 
quench. 


Heat Treatment B 


After forging or machining: 
1. Carbonize between 1600? F. and 
1750? F. (1650°-1700° F. de- 


sired). 

2. Cool slowly in the carbonizing 
mixture. 

3. Reheat to 15507-1625? Е. 

4. Quench. 

5. Reheat to 14007-1450? Е. 

6. Quench. 

7. Draw in hot oil varying from 


300°-450° F., depending upon 
hardness desired. 


Heat Treatment D 
After forging or machining: 


1. Heat to 15007-1600? Е. 

2. Quench. 

3. Reheat to 1450?-1500? F. 

4. Quench. 

5. Reheat to 600°-1200° Е. and cool 
slowly. 


Heat Treatment E 


After forging or machining: 

. Heat to 15007-1550? F. 

. Cool slowly. 

. Reheat to 1450°-1500° F. 
Quench. 


OU Оз бо не 


slowly. 


Heat Treatment F 
After shaping or coiling: 
1. Heat to 14257-1475? Е. 
2. Quench in oil. 
3. Reheat to 400?-900? F., according 
to temper desired, and cool 
slowly. 


1 Reheat to 6002-1200? Е. and cool | 








Heat Treatment G 
After forging or machining: 
1. Carbonize between 1600? F. and 
1750? К. (1650°-1700° F. de- 


sired). 

2. Cool slowly in the carbonizing 
material. 

3. Reheat to 1500?-1550? F. 

4. Quench. 

5. Reheat to 13007-1400? Е. 

6. Quench. 

7. Reheat to 2507-500? Е. (depend- 


ing upon work) and cool slowly. 


Heat Treatment H 
After forging or machining: 
1. Heat to 15007-1600? F. 
2. Quench. 
3. Reheat to 6002-1200? F. and cool 
slowly. 


Heat Treatment K 
After forging or machining: 


1. Heat to 15007-1550? Е. 

2. Quench. 

3. Reheat to 1300°-1400° F. 

4. Quench. 

5. Reheat to 600°-1200° F. and 
cool slowly. 


Heat Treatment L 
After forging or machining: 
1. Carbonize at a temperature be- 
tween 1600° F. and 1750° F. 
(1650°-1700° F. desired). 


2. Cool slowly in the carbonizing 
mixture. 

3. Reheat to 1400°-1500° F. 

4. Quench. 

5. Reheat to 1300°-1400° F. 

6. Quench. 

7. Reheat to 250°-500° F. and соо! 
slowly. 


Heat Treatment M 
After forging or machining: 
1. Heat to 1450°-1500° F. 
2. Quench. 
3. Reheat to 5002-1250? Е. and cool 
slowly. 
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HEAT TREATMENTS FOR CARBON 
AND ALLOY STEELS—2 


(Recommended for Various Steels conforming to S. A. E. specifications) 








Heat Treatment P Heat Treatment S 


After forging or machining: 


After forging or machining: 
тов E 1. Carbonize at a temperature be 


o o 
1- eg 1430715007 Ж. assem 1600 F. апа 1750° Е 
Ў ` o о ў 1650°-1700° Е. desired). 
га вас to. 1375-1450" Е. 2. Cool slowly in the carbonizing 
4 p o o mixture. 
5. қап to 500°-1250° Е. and cool 3. Reheat to 16509-1750? Е. 
SOWY" 4. Quench. 
5. Reheat to 1475°-1550° F. 
6. Quench. 
Heat Treatment Ф 7. Reheat to 250°-550° F. and cool 
After forging: slowly. 
1. Heat to 1475°-1525° F. (Hold at Heat Treatment T 


this temperature one-half hour в мые 
to insure thorough heating.) eat machining: 


2. Cool slowly. 
А 2. Quench. 
3. Machine. o. o 
4. Reheat to 1375°-1425° F. 3. ее to 500°—1300° F. and cool 
5. Quench. y. 
6. Reheat to 2507-550? F. and cool Heat Treatment U 
slowly. After forging: 


1. Heat to 1525°-1600° F. (Hold 
for about one-half hour.) 


Heat Treatment R 2. Cool slowly. 
FANS 3. Machine. 
After forging: 4. Reheat to 16507-1700? Е. 
1. Heat to 1500°—1550° F. 5. Quench. 
2. Quench in oil 6. Reheat to 350°-550° F. and cool 


3. Reheat to 1200°—1300° F. (Hold slowly. 
at this temperature three hours.) 
4. Cool slowly. Heat Treatment V 








5. Machine. After forging or machining: 
6. Reheat to 1350°-1450° F. 1. Heat to 1650°-1750° F. 
7. Quench in oil. 2. Quench. 
8. Reheat to 250°-500° F. and cool 3. Reheat to 4002-1200? F. and cool 
slowly. slowly. 
DRILL ROD 
Standard Tolerances for Size 
ROUNDS 
1.500“ 10.500“... 


.499" to 125" .. 
.124" and smaller 








FLATS, SQUARES, HEXAGONS, OCTAGONS 


ҮР” "694" E wins жака €x .0015" + or — 
"tol" .... .001" + or — 
Smaller than 14”... . .0005" + or — 


COLD ROLLED LOW CARBON SHEETS AND STRIP 















Shore Shore 
Rockwell B Brinell | Scleroscope || Rockwell B Brinell | Scleroscope 
100. «isses 216. soros 40 68. esses 106. 20 
35 60 98 19 
90 163 30 55 91 18 
85, 5». 147..%-%4 28 50. ыза ros 84... 44-16 
80 134 26 45 78 15 
124 24 40 71 14 
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Molybdenum Steels 
























































































Manganese | Phosphorus, | Sulfur, | Chromium | Nickel | Molybdenum 
e Max. Max. Range Range 
0.25—0.35 9.040 0.050 | 0.50—0.80 0.15-0.25 
0.25-0.35 0.040 0.050 | 0.80-1.10 0.15-0.25 
0.30-0.40 0.040 0.050 | 0.80-1.10 0.15-0.25 
0.35-0.45 0.040 0.050 | 0.80-1.10 0.15-0.25 
0.45-0.55 0.040 0.050 | 0.80-1.10 0.15-0.25 
0.15-0.25 0.040 0.050 | 0.30—0.60 0.20–0.30 
0.35—0.45 6.040 0.050 | 0.50—0.80 0.30-0.40 
0.35-0.45 0.040 0.050 | 0.60-0.90 0.20-0.30 
0.10-0.20 0.040 0.050 | ..... 0.20—0.30 
0.15-0.25 0.040 0:050 ] "uus 0.20-0.30 
0.35-0.45 0.040 0.050 | ..... 0.20—0.30 
0.10—0.20 0.040 0.050 | ..... 3.25-3.75 0.20-0.30 
0.15-0.25 0.040 0.050 | ..... 3.25-3.75| 0.20-0.30 
JSilicon range of all S. A. E. basic open hearth alloy steels shall be 0.15-0.30. For elec- 
tric and acid open hearth alloy steels, the silicon content shall be 0.15 minimum. 
Silicon Manganese Steels 





















































































S. A. E. | Сагһоп Manganese Phosphorus, | Sulfur, Silicon 
No. Range Range Max. Max. Range 
9255 0.50-0.60 0.60–0.90 0.040 0.050 1.80-2.20 
9260 0.55-0.65 0.60-0.90 0.010 0.050 1.80-2.20 

| Corrosion and Heat Resisting Alloys 

5. А. E. | Carbon, | Manganese, | Silicon, | Phosphorus, Sulfur, Chromium Nickel 
No. Max. Max. Max. Max. Max. Range Range 
30905 0.08 0.20-0.70 0.030 0.030 1:.00-20.00|8.00-10.00 
30915 |0.09-0.20| 0.20-0.70 0.030 0.030 17.00-20.0018.00-10.00 
51210 0.12 0.50 5; 0.030 0.030 11.50-13.00 

Х51410 0.12 0.60 К. 0.030 0.15-0.50 |13.00-15.00 
51335 |0.25-0.40 0.60 5 0.030 0.030 12.00-14.00 
51510 0.12 0.60 ы 0.030 0.030 14.00-10.00 
51710 0.19 0.60 0.50 0.030 0.030 16.00-18.00 








Free Cutting Steels 


ISilicon range of all S. A. E. basic open hearth alloy steels shall be 0.15-0.30. For elec- 
tric and acid open hearth alloy steels, the silicon content shall be 0.15 minimum. 











| Сагһоп 


| 


Phosphorus 


і Sulfur 





























S.A.E Manganese | 
No. Range Range | Range Range 
412 0.08-0.16 | 0.60-0.90 | 0.09–0.13 0.10 –0.20 
X1112 0.08-0.10 0.60-0.90 | 0.09–0.13 0.20 –0.30 
1115 | 0.10–0.20 0.70-1.00 | 0.045 тах. 0.075-0.15 
1120 | 0.15-0.25 0.60-0.90 | 0.045 max. 0.075 -0.15 
X1314 | 0.10–0.20 1.00-1.30 | 0.015 тах. 0.075-0.15 
X1315 0.10–0.20 1.30-1.60 0.045 max. 0.075-0.15 
X1330 0.25-0.35 1.35-1.65 0.015 max. 0.075-0.15 
X1335 0.30–0.40 1.35-1.65 0.015 max. 0.075-0.15 
Х1340 0.35-0.45 | 1.32-1.65 0.045 max. 0.075-0.15 
Manganese Steels! 
S.A. Е Carboa Manganese Phosphorus, Sulfur, 
No. Range Range Max. Max. 
T1330 0.25-0.35 | 1.60-1.90 0.040 0.050 
T1335 0.39-0.40 1.60-1.90 0.010 0.050 
T1340 0.35-0.45 1.60-1.90 0.010 0.050 
T1315 0.40-0.50 1.60-1.90 0.010 0.050 
T1350 0.15-0.55 | 1.69-1.90 0.010 0.050 





To Sotten Cast-Iron tor Drilling—Heat to а cherry 
red, having it lay level iu the fire, Then with 
tongs, put on à piece of brimstone, a little less 
in size than the hole is to be. This softens the 
iron entirely through. Let it lie in the fire until 
slightly cooled, when it is ready to drill. 
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S. А. E. STANDARD SPECIFICATIONS 
Nickel-Chromium Steels 


























S. A. E. Manga- Phos- Sul- 
Steel Carbon nese phorus phur Nickel Chromium 
No. Range Range Max. Max. Range Range 
3115 10.10-0.200.30-0.60] 0.04 0.05 |1.00-1.50|0.45-0.75 
3120 |0.15-0.2510.30-0.60| 0.04 0.05 |1.00-1.50|0.45-0.75 
3125  |0.20-0.30/0.50-0.80| 0.04 0.05 |1.00-1.50|0.45-0.75 
3130  |0.25-0.3510.50-0.80| 0.04 0.05 |1.00-1.50|0.45-0.75 
3135  |0.30-0.40/0.50-0.80| 0.04 0.05 |1.00-1.50|0.45-0.75 
3140  |0.35-0.45/0.50-0.80| 0.04 0.05 |1.00-1.50|0.45-0.75 
3145  |0.40-0.50/0.50-0.80| 0.04 0.05 |1.00-1.50|0.45-0.75 
3150  |0.45-0.55/0.50-0.80| 0.04 0.05 |1.00-1.50|0.45-0.75 
3215  |0.10-0.20/0.30-0.60| 0.04 0.045 |1.50-2.00|0.90-1.25 
3220 |0.15-0.2510.30-0.60| 0.04 0.045 |1.50-2.00/0.9C-1.25 
3230  |0.25-0.35/0.30-0.60| 0.04 0.045 |1.50-2.00|0.90-1.25 
3240  |0.35-0.4510.30-0.60| 0.04 0.045 |1.50-2.00|0.90-1.25 
3245  |0.40-0.50/0.30—0.60| 0.04 0.045 |1.50-2.00|0.90-1.25 
3250  |0.45-0.5510.30-0.60| 0.04 0.045 |1.50-2.00|0.90-1.25 
3312 |max. 0.17/0.30-0.60| 0.04 0.045 |3.25-3.75|1.25-1.75 
3325  |0.20-0.30/0.30-0.60| 0.04 0.045 |3.25-3.75|1.25-1. 75 
3335  |0.30-0.40/0.30-0.60| 0.04 0.045 |3.25-3.75|1.25-1.75 
3340  |0.35-0.45/0.30-0.60| 0.04 0.045 |3.25-3.75]1.25-1. 75 
3415 |0.10-0.200.30-0.60| 0.04 0.045 |2.75-3.25|0. 60-0. 05 
3435  |0.30-0.40/0.30-0.60| 0.04 0.045 |2.75-3.25|0.60-0.95 
3450  |0.45-0.5510.30-0.60| 0.04 0.045 |2.75-3.250.60-0.95 
Chromium Steels 
Phos- 
S. A. E. Carbon Manganese phorus Sulphur Chromium 
Steel No. Range Range Max. Max. nge 
5120 0.15-0.25 | 0.30-0.60 0.04 0.05 0.60 0.90 
5140 0.35-0.45 | 0.50-0.80 0.04 0.05 0.$0--1.10 
5150 0.45-0.55 | 0.50-0.80 0.04 0.05 0.80-1.10 
52100 0.95-1.10 | 0.20-0.50 0.03 0.035 1.20-1.50 
Chromium - Vanadium Steels 






























































































S. A. E. Manga- vannan - 
Steel Carbon nese phor- Chromium 
No. Range Range Range Min. | De- 
6115 20-0. .30-0.60 | 0. 0.80-1.10 | ола | 0.18 
6120 23 0.30-0.60 0.04 0.80-1.10 | 0.15 | 0.18 
6125 0.50-0.80 0.04 0.80-1.10 | 0.15 | 0.18 
6130 3-0. 3: 0.50-0.80 0.04 0.80-1.10 | 0.15 | 0.18 
6135 "30-0. .90-0.8 й 0.$0-1.10 | 0.15 | 0.18 
6140 .35-0.4: 0.50-0. 4 қ 0.80-1.10 | 0.15 | 0.18 
6145 0.40-0.50 0.50-0.80 0.04 A 0.80-1.10 | 0.15 | 0. IN 
6150 ‚45-0. m .50-0.8 У „О: 0.80-1.10 | 0.15 | 0.138 
6195 2 .45 : : 0.80-1.10 | 0.15 | 0.158 
дана НВ РОЈ ал Банан. бызбы ДЛ 
Tungsten Steels 
S. A. E. Carbon Chromium Tungsten 
Steel Range Range Range 
No. 
71360 0. 50-0. 70 | 3 00-4 00 | 12.00 15.00 
71660 0.50-0.70 3,00—L.00 15.00. 18.00 
7260 0.50-0.70 0.50-1. 00 1.50-2.00 
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S. A. E. STANDARD SPECIFICATIONS 
Carbon Steels 








S. A. E. Carbon Manganese Phosphorus Sulphur 
Steel No. Range Range Max. Max. 
1010 0.05—0.15 | 0.30—0.60 0.045 0.055 
1015 0.10—0.20 | 0.30—0. 60 0.045 0.055 
1020 0.15—0.25 | 0.30—0. 60 0.045 0.055 
O.H.1020-90 | 0.15—0.25 | 0.75—1.05 0.045 0.055 
1025 0.20—0.30 | 0.50—0.80 0.045 0.055 
1030 0.25—0.35 | 0.50—0.80 0.045 0.055 
1035 0.30—0.40 | 0.50—0.80 0.045 0.055 
1040 0.85—0.45 | 0.50--0.80 0.045 0.055 
1045 0.40—0.50 | 0.50—0. 80 0.045 0.055 
4050 0.45—0.55 | 0.50—0. 80 0.045 0.055 
1095 0.90—1.05 | 0.25—0.50 0.040 0.050 
Х-1314 0.10—0.20 | 1.00—1. 30 0.050 0.08—0.13 
X-1315 0.10—0.20 | 1.25—1.55 0.050 0.08—0.13 
1335 0.30—0.40 | 1.60—1.90 0.040 0.050 
*1350 0.45—0.55 | 0.90—1.20 0.040 0.050 
*1360 0.55—0.70 | 0.90—1.20 0.040 0.050 


* Silicon not to exceed 0.30. 


Screw Stocks 













Phosphorus 
Max. 


. А. E. Sulphur 
Steel No. Max. 


S. А. Е. | Carbon 


0.08—0.16 | 0.60—0.90 | 0.09—0.13 |0.10 —0.18 
0.15—0.25 | 0.60—0.90 | max. 0.06 |0.075--0.15 


1112 
1120 








Nickel Steels 







в 
S. А. Е Manganese Phos- 
Steel No Range phorus 
Max. 














2015 0.04 0. 0.40-0.60 
2115 0.04 0. 1.25-1.75 
2815 0.04 0. 3.25-3.75 
2320 0.04 0. 3.25-3.75 
2330 0.04 0. 3.25-3.75 
2335 0.04 0. 3.25-3.75 
2340 0.04 0. 3.25-3.75 
2345 0.04 0.05 3.25-3.75 
2350 0.04 0.05 3.25-3.75 
2512 max. 0.17| 0.30-0.60 | 0.04 0.05 4.75-5.25 
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NOTES ON CORRUGATED SHEETS 





To find the Rise when radius length To find the Rise when radius and 
of Span is given, use following length of Arc is given, use follow- 
formula: ing formula: 











Я / 

% Я Rise=:Radius 
% R x Cosine 
М / cf Angle X 

T = Arc x 360^ 

кнын c? ~ Cir. of Circle Y 

= В — МА? — C? or nearly — 7 

— 8R — = Созте of Angle X 2 
4 R Z—R x Cosine X 








To find length of Arc when Span 
and Small Chord are given: 


L—Length of Arc = 
C—Span 1= Soe 
c—Small Chord 3 














CORRUGATED SHEET DATA 


Standard Details of Construction 


St'd Ridge Roll 
4" same thickness 
< Po, 2i, as rool, 










© 





Note: Allow 8' lop 
where roofs ore less 
Girths of 87, 10", 12° ond 14”, with cor- thon 4" pitch. 
responding Apron 717 of 2, 3, 4 ond 5 
inches. Diometer of roll, 2 inches. Girth 
з full width of sheet required to moke 
ridge roll. 


not less than 4" 









—^ 
+ 

































ек| з я қ 
d : | TYPICAL DETAIL OF ROOF 
t gems SHEETING & RIDGE ROLL 
«м 
F e. (One end ор, one down) 
5 24 Cover | 
= ВЕ af Side lops riveted (г 1ó ^ centers 
у = + 
| дор 1* : Corrugations 
Roofing Sheet—Rolled from 30" flat sheet 
(Both ends down) 
24 Cover 
side lope vete i: 20 centers р 
й. + 
| (әрі Convgotion | 
25 





Siding Sheet- Rolled from 28" flat 
SIDING DETAIL sheet 
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m NOTES ON CORRUGATED SHEETS—(Cont'd) 


SAFE LOADS—PER SHEET 
Supported at Ends Only. Sheets, 26 Inches Wide 


Gauge 28 27 26 24 22 20 18 16 
6'0" Span.. 88 97 106 141 176 211 282 352 
70" Span.: 75 83 91 121 151 181 242 302 
8/0“ Span.. 66 73 79 106 132 158 21 264 
90” Span.. 59 65 70 94 117 141 188 235 
100” Span.. 53 58 63 85 106 127 169 211 


6'0" Span.. 53 58 63 85 106 127 169 21 











2/4” 
Corru- 
gations 


B ә 7'0' Span.: 45 50 55 73 91 109 145 181 
SSS} 80” Span.. 40 44 47 64 79 95 127 158 
“O98! 90% 5рап.. 35 39 42 56 70 85 113 141 


100” Span. . 32 34 38 51 64 76 101 127 


Ya inch is taken as depth of 2V2 inch corrugations, Зв inch as depth 
of 114 inch corrugations. 
99900 t b d 


The following formula has been used: W= L 


L-—Supported length of sheet in inches. t—Thickness of sheet in 
Inches. b==Width of sheet in inches. d—Depth of corrugations in inches. 


W=Breaking weight distributed in pounds. 4 
between supports. 


CORRUGATED SHEETS 


ind) жесвнтити DENG: скок CURVED ERENT TABLE FOR COMPUTING LENGTHS OF CURVED 
ШҰ THE FOLLOWING TABLE SHEETS--Gontipuct 


Ruzz.—Divide height (or size) by base (or span), find quotient 


— Safe loads per sheet 



















































































































































in column of heights, take length for that height opposite to it in. Нам | Length || Height | Length || Height | Length || Height | Length 
next column m the right hand. р length thus obtained by 
base (or spar) and product will give length of sheet. ка Ре д 
ExaAMPLE.—-Find lcngth of sheet, base (or span) being 100 inches, ЕЯ ‚= 15658 3 2052 92 1.46255 
7 қ 31 27044 1.46441 
rise being 25 inches. 41 146628 
25 divided Ьу 100 equals .25; and .25, per table, equals 1.15912, 24 | 1.46815 
length of base, which multiplied by 100 equals 115.912 inches, length 276 1 :39 
| .27 1.47002 
of sheet before curving. 277 || 36039 14:189 
TABLE FOR COMPUTING LENGTHS OF CURVED SHEETS 75 1 37 111 1 47377 
pour CAPRA ge 1 1 47565 
Height | Length || Height | Length Height | Leogth || Height 1 197 13 1 47753 
1.19587 1.37942 
1.000021 .128 [1.04313 || .176 [1.050001 .221 1 20011 1 48131 
1.00007 || .129 |1:0438 || .177 |l.08136|| .225 1 20146 1 4832 
1.00027|| .13 [1.04447 || .178 | 1.08216] .226 1.20252 1 48500 
1.00061|| .131 | 1.04515 || .179 [1.053371 .227 1 1 48699 
1.00107 || .132 | 1.04584 || .18 08125)| .228 12 1 48889 
1.00167|| .133 |1.04652 || .181 |1.05519 1 1 49079 
1.0024 || .134 |1.04722 || .182 | 1.08611 1 1 49269 
1.00327]| .135 | 1.01792]| .1S3 | 1.05701 1 1 4946 
1:00426|| .136 |1 04362 || 1184 | 1.08797 1 1 49651 
1.00539|| .137 |1.01932 || .155 |1.0559 1 1 49842 
1.00665 .138 |1 .186 |1.05954 1 1 50033 
1.00805|| .139 |1 1187 | 1.00070 1 1 50224 
1.00957 | .14 |1 “ISS |1 00174 І 1 50116 
1.01123)| .141 |1 1189 | 1.09269) І 1 50608 
1.01302] .142 |1 19 5 1 1 508 
1:01403|| :143 |1 1191 1 1 50902 
1.01698|| .144 |1 .192 1 1 Био 
1.01916]! .145 |1 .193 t. l 
1.02146|| .146 |1 1194 1 1 
1.02359|| .147 |1 .195 [1.0985 15067 1 1 
1.02645|| .148 |1 .196 | 1.09949; 15156 1 1 
1.02698! .149 |1 197 |1. 10015 15308 1 1 
1.02752| .15 |1 5 1 1 
1.02806|| .151 |1. 1 1 
1.0286 || .152 | 1. 1 1 
1.02914)| .153 |1 1 1 
1.0297 || .154 |1 1 1 
1.030261 .155 |1. 1 1 
1.03082]| .156 |1.06365 1 | 
1.03139|| .157 |1.06449 1 І 
1 03196} .158 |1 1 1 
1.03254|| .159 |1 І 1 
1.03312! .16 |1 1 1 
1.03371]| .161 |1 1 1 
1.0343 || .162 |1 1 1 
1.0399 || .163 |1 1 1 
1.03551]| .164 |1 1 1 
1 03611! .165 |1 1 1 
1.03672|| .166 |1 1 1 
1.037341 .167 |1 І І 
1.037971 1168 |1 І 1 
i 1 1 1 56083 
! 1 1 1.56282 
1 1 1 1 56481 
1 1 1 1 5668 
1 і 1 1 56879 
і І 5 || 1.57079 
1 і: 
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MANUFACTURERS STANDARD PRACTICE 


Permissible Variations 
for Standard Structural Beams, Channels, 
Tees, Angles, Bulb Angles and Zees 





Ж er SS: 
--в-- -в-4 Chea” 
ANGLES BULB ANGLES ZEES 


Permissible Variations 
for Wide Flange Structural Sections 





РЕР З 
Ге egeo 
WIDE FLANGE BEAMS WIDE FLANGE BEAMS 


APPROXIMATE WEIGHTS OF BOILER TUBES 


Nominal Weight per Ft. Lbs. 














Standard For Estimating Purposes (ASME) 
External Thickness, Stand. One Two Three Four 
Diameter | Minimum Thick. Extra Extra Extra Extra 
Inches B.W.G. Inches ness Gauge Gauges Gauges Gauges 
у зе: 19. cx 095. заз 1,037... : : 15168. г. 21:263 го з 1.384. : ‹ ‚1.500 
114 13 .095 1.328 1.502 1.628 1.793 1.951 
112 13 .095 l.619 1.836 1.994 2.201 2.402 
ЛУД o в 1S. sut 095. ss 1.910... 2.169. ...2:360..... 2:610. . 142.854 
2 13 .095 2.201 2.503 2.726 3.018 3.305 
214 13 .095 2.492 2.837 3.092 3.427 3.756 
212 12 .109 3.171 3.457 3.835 4.207 4.665 
29st xis 125: 5552109 5 2 3.504....3.823....4.244....4.658....5.169 
3 12 .109 3.838 4.189 4.652 5.110 5.674 
314 11 .120 4.555 5.061 5.561 6.179 6.697 
315 11 .120 4.921 5.469 6.012 6.683 7.247 
Bhd 10. еу 194.5: 6.286....6.915....7.693....8.347....9.336 
412 10 .134 7.103 7.817 8.702 9.447 10.580 
5 9 .148 8.720 9711 10.550 11.810 12.730 
6 7 ..180....12.750...14.290...15.410...16.640...17.450 
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GALVANIZED AND STAINLESS STEEL GAUGES 








` Galvanized Sheets Stainless Steel Sheets 
Е Aver. Wt. рег 
Wt. Sq. Ft. Lbs. for 
Gal- per Stain- Chrome 
vanized Sq. less Approximate Chrome Nickel 
Sheet Ft. Sheet Decimal Parts Iron С.В. 
Gauge Lbs. Gauge ofan inch Alloys Alloys 

Века 3.0912... aes ин нв 171875..... 7:0813....... 7.2187 

9 6.4062 9 .156250 6.4375 6.5625 

10 5.7812 10 .140625 5.7937 5.9062 

11 5.1562 11 ‚125000 5.1500 5.2500 
12 4.5312 12 .109375 4.5063 4.5937 
13 3.9062 13 .093750 3.8625 3.9375 
14.4 є з 32812 || но 14. овая 0738125 є є є 3.2197. ниє 3.2812 
15 2.9687 15 4070312 2.8968 2.9531 
16 2.6562 16 .062500 2.5750 2.6250 
17 2.4062 17 .056250 2.3175 2.3625 
18 2.1562 18 .050000 2.0600 2.1000 
19 1.9062 19 .043750 1.8025 1.8375 
DO raip 1.6582. .1 20... мі 037500. .... 1.5090... 1.5750 
21 1.5312 , 2 .034375 1.4160 1.4437 
22 1.4062 22 .031250 1.2875 1.3125 
23 1.2812 23 .028125 1.1587 1.1813 
24 1.1562 24 .025000 1.0300 1.0500 
28.6 10312,21] .4525..: 021875....... 9013. ла od 9187 
26 .9062 26 .018750 7725 7875 
27 8437 27 .017187 7081 ‚7218 
28 7812 28 .015625 .6438 .6562 
29 27187 29 2014062 .5794 .5906 


being 2.5 oz. per sq. ft. heavier than the gauge weight of the same 
United States Standard Gauge number, regardless of coating weights. 


APPROXIMATE WEIGHTS OF VARIOUS 
METALS 


To find the weight of various metals, multiply the contents in cubic 
inches by the number shown below; the result will be the approxi- 
mate weight in pounds. 


iron ...... 27777 Brass ...... .3112 Tin sawaris .26562 
Steel ..... .28332 lead ..... 41015 Aluminum.. .09375 
Copper ... .32118 26) :::255 .25318 


NOTES ON CORRUGATED SHEETS 








Е т I 5 
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ом“ | 9$?|esoéóds4| шг |7023 | 2919854 
v 

ex 9 ~~ ше 2 

«4 5 «а > 

09 з 4E 5 а 

2 >> 2« = і 

жо 2 59 оо о сооооовоо 

си. 51: 9 s|-ceoeooo Ӛ32|:2>2%<2| 58558505 
ш м2" обхо ос ч э 5 || әх 882098388 

о ро 5 275 

OZ о || Ее | Veen ee u% | до | очко 
O = || 00235 |окошш-етсу oe Е || мое; | РРР са 

м. | 9% Oo 95 

02 z 2 “92 © 

«" fic oy ош = 2% 

ы g|] Du 9 5-5 

a 2 $5 |ocxooo z 05 | очоооз 

E. „= 59с2 SRSSS81 59 592% косо 

A = 7 = = --- 
5 о 
Ж = 





EXTRUDED BRONZE 
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SQUARE BRASS TUBING 








ANGELE Approx. Thickness Approx. 
Weight Decimal Weight 
Size in Thickness Decimal Lbs. per _ Size Stubs Equivalent Lbs. per 
Inches in Inches Equivalent Lin. Ft. 10 Inches Gauge in Inches Ft. 
1/ ул 1 Н 40 и 21 .032 .107 
Уа X Va ^s 1o % .040 .189 
34 x 3 ; 125 „63 % :040 .210 
AxA А у, 21 .032 .231 
1х1 % ‚125 .84 % 21 „032 -293 
1 .250 1.68 
нет А з 21 .032 .355 
1 1 1 .12 1.09 1 21 .032 478 
TAA ^s 120 14 21 .032 .603 
110х116 % .125 1.30 
12х10 346 -1875 1.90 COPPER TUBING: 
1% хі, 14 .250 2.60 
М xm — du OPEN ENDS 
2x2 8 . . 
2x2 и .250 3.40 Soft Temper 
Thickness Approx. 
215 x 2 и -250 4.37 Decimal Weight 
Outside Stubs Equiv. Lbs. 
3x3 14 „250 5.30 Diameter Gauge in Inches Lengths per Ft. 
ROUND SEAMLESS The 22 .028 6ít. — .144 
straight 
BRASS TUBING у, 22 .028 6 tt. .165 
Soft Temper straight 
Listed by Stubs Gauges 34 16 -065 50 ft. 542 
coils 
Thickness Approx. Е 
Decimal Weight ae 06р pes 140 
Outside Stubs Equivalent Lbs. рег : 
Diameter Gauge іп Inches Ft. SPECIFIC GRAVITY— 
и 16 .065 139 ho dio. 3 pr um 
й 20 O88 0872 Е x n i. ific gravity determinations the 
nj 
546 16 .065 .186 expen oF the water is usually taken at 
5/6 19 .042 .101 62°Е., when 1 cu. ft. of water weighs 62.355 lbs. 
546 20 1035 1112 hou A бр greatest density ас 39.2°Е. or 
5/16 22 .028 .090 
% 16 .065 .233 MISCELLANEOUS. 
3% 18 .049 .185 мен, LEAD, сто, BEEF, ponn, ETC. 
% 19 .042 .162 п POR ПИКИ ТОСУ Deren 
36 20 .035 .138 5 pigs..... „1 fother./100 lbs, (fish) 1 quintal, 


Stubs’ Gages 
The difference between the Stubs’ Iron. Wire Gage and the Stubs’ 
Steel Wire Gage should be borne constantly in mind, the first, commonly 
being known as the English Standard Wire or Birmingham Gage which 
designates the Stubs’ soft wire sizes, and the second, being used in meas- 
uring drawn steel wire or drill rods of Stubs’ make. 
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STANDARD GAUGES AND WEIGHTS OF TIN PLATE 











8 - за 
48 gre #88 
Bui Trade Term 52% 583 
EM Роб B25 
5 BS <5 
38 
37 
36 
35 
34 
33 
32 
31 
31 
30% 
30 
29% 
29 


.0138 









29 
28 LX.L. .0144 
28 LX. .0152 
28 D.C. .0156 
28% 
27 LX.X.L. .0167 
27 .0169 
27 LX.X. .0175 
26 LX.X.X.L. .0189 
26 LX.X.X. .0197 
25 D.X. з ‚0208 
25 LX.X.X.X.L. .863 188 .0211 
25 LX.X.X.X. .895 195 .0220 
25 LX.X.X.X.X.L. .955 208 .0238 
25 D.X.X. .964 210 .0241 
25 LX.X.X.X.X. .0246 
24 LX.X.X.X.X.X.L. .0261 
24 LX.X.X.X.X.X. .0269 
24 D.X.X.X. .0275 
23 .Х.Х.Х.Х.Х.Х.Х.Г. 0284 
23 | ІХХ.ХХХ.ХХ. ‚0292 
23 | 1.Х.Х.Х.Х.Х. XXL. .0307 
23 .0310 
22. | ІХХ.Х.ХХХ.Х.Х. .0315 

DRAWN BRASS ANGLES 

Approx 
Weight 
Size in B&S Decimal Lbs. per 
Inches Gauge Equivalent Lin. Ft. TEMPERATURE— 


The following equation will be pU convenient 
for transforming temperature from one system 

lox 1 18 .040 .147 to another: : 

Let Е = degrees Fahrenheit; C = degree Centi- 
grade; R = degrees Reamur. 


34 x 34 14 .064 .402 EUR «4 E 
34 x 34 18 .040 .220 — i189 m 80 
іх 20 .032 .146 
1x1 14 .064 .470 
1х1 18 .040 .294 
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Properties of Structural Shapes 




































































Depth of | Weight, | Area of | Thickness | Width of || Depth of | Weight, | Area of | Thickness Width of 
Beam per Foot | Section of Web Flange Beam per Foot | Section | of Web | Flange | 
Inches Pounds | Sq. Ins. | Inch Inches | Inches | Pounds ! Sq. Ins. Inch Inches 

Standard I-Beams | Standard Channels 
3 5.7 1.64 .170 2.330 | 3 4.1 1419" | .170 | 1.410 
3 6.5 1.88 .251 2.411 | 3 5.0 1.46 .258 1.498 
3 1.9 2.17 .349 2.509 3 6.0 | 1.75 .356 1.596 
4 Т.Т 2:21 . 190 2.660 4 5.4 | 1.56 .180 1.580 
4 8:5 2.46 „258 2.423 4 6.25 | 1.82 .247 | 1.647 
4 9.5 2.76 4926 2.796 4 425. | 2.12 | X320 | 1.720 
4 10.5 3.05 .400 2.870 5 | 6.7 | 1.95 | . 190 1.750 
5 10.0 2.87 .210 3.000 5 9.0 2.63 | ‚325 1.885 
5 12.25 3.56 .347 3.137 5 11.5 | 3.36 .472 | 2.032 
5 14.75 4.29 .494 3.284 6 8.2 2.39 | .200 | 1.920 
6 12.5 3.61 .230 3.330 6 10.5 3.07 | .314 2.034 
6 14.75 4.29 .343 3.443 6 13.0 3.81 .437 | 2.157 
6 | 17.25 5.02 ‚465 3.565 6 15.5 | 4.54 .559 2.279 
Я | 15.3 4.43 .250 | 3.660 Ж. 9.8 | 2.85 .210 2.090" 
7 | 17.5 5.09 .345 3,755 7 12.25 3.58 .314 | 2.194 
7 20.0 | 5.83 .450 3.860 7 | 14.75 4.32 .419 | 2.299 
8 18.4 5.34 .270 4.000 T | 17.25 5.05 .924 | 2.404 
8 20.5 5.97 .349 4.079 7 19.75 5.79 .629 2.509 
8 23.0 6.71 .441 4.171 8 11.5 3.36 | .220 2.260 
| 8 13.75 4.02 .303 | 2.343 
8 25:5 7,48. | .532 4.262 8 16.25 4.76 .395 2.435 
10 25.4 7.38 .310 4.660 8 18.75 5.49 .487 | 2.527 
10 30.0 8.75 ‚447 4.797 8 21.25 6.23 .579 | 2.619 
10 35.0 10.22 .594 4.944 9 13.4 | 3.89 .230 2.430 
10 40.0 11.69 .741 5.091 9 15.0 | 4.39 .285 2.485 
12 31.8 9.26 .350 5.000 9 20.0 | 5.86 .448 2.648 
12 35.0 10.20 .428 5.078 9 25.0 | 7,38 .612 2.812 
12 | 40.8 11.84 . 460 5.250 10 | 15.3 | 4.47 .240 2.600 
12 45.0 13.10 .565 5,455 10 | 20.0 | 5.86 .379 2.739 
12 50.0 14.57 .687 5.477 10 | 25.0 | 1.39 .526 2.886 
12 55.0 16.04 .810 5.600 10 30.0 | 8.80 .673 3.033 
15 42.9 12.49 .410 5.500 10 25.0 | 10.27 .820 3.180 
15 | 45.0 18.12 .452 5.542 12 20.7 6.03 | .280 2.940 
15 | 50.0 14.59 .550 5.640 12 25.0 | 71.32 .387 3.047 
15 | 55.0 16.06 .648 5.738 12 30.0 | 8.79 * .510 3.170 
15 60.8 17.68 .590 6.000 12 35.0 | 10.26 .632 3.292 
15 65.0 18.91 .672 6.082 12 40.0 11,78 ;755 3.415 
15 70.0 20.38 .770 | 6.180 || 15 33.9 | 9.90 ‚400 3.400 
15 75.0 21.85 . 868 6.278 15 | 35.0 | 10.23 | .422 3.422 
| е 15 | 40.0 11.70 .520 3.52 
18 54.7 15.94 .460 6.000 15 45.0 | 13.17 | .618 3.618 
18 60.0 17.50 .547 6.087 | 15 | 50.0 | 14.64 | .716 3.716 
18 65.0 18.98 .629 6.169 || 15 | 55.0 16.11 | ‚814 3.814 
18 70.0 20.46 «ЗАЯ 6.251 18 42.7 12.48 .450 3.950 
20 81.4 | 23.74 .600 7.000 18 45.8 13.38 | .500 4.000 
20 85.0 | 24.80 .653 7.053 || 18 | 51.9 | 15.18 | . 600 4.100 
25 90.0 | 26.26 .726 Tq. i || 18 | 58.0 ' 16.98 * .700 4.200 
О 95.0 27.74 . 800 7.200 
20 100.0 | 29.20 1873 7.273 | Standard H-Beams 
24 | 79.9 | 23.33 | .500 7.000 4 13.8 3.99 | 313 4.000 
24 | 85.0 | 24.84 .563 7.063 5 18.9 5.47 | j 5.000 
24 90.0 | 26.30 ‚624 7.124 6 20.0 5.86 | ) 5.938 
24 95.0 | 27-79 .686 7.186 6 22.5 6.61 | 375 6.063 
24 100.0 29.25 .747 7.247 6 | 25.0 7.33 | 313 5.938 
24 105.9 30.98 .625 7.875 6 27.5 8.08 | .438 6.063 
24 110.0 32.18 .675 7.925 8 32.6 9.50 .313 7.938 
24 115.0 33.67 .737 7.987 8 ' 34.3 10.00 | .375 8.000 
24 120.0 35.13 .798 8.048 || 8 | EON 11.00 .500 8.125 
THEORETICAL WEIGHT OF STEEL PLATES 
Size Wt. рег Size Wt. per Size Wt. рег Size Wt. per 
їп Squar2 in Square in Square in Square 
Inches Ft. Lbs. || Inches Ft. Lbs. || Inches Ft. Lbs. || Inches Ft. Lbs. 
X. 7.65 || 1 40.80 || 2% 102.00|| 5 204.00 
у 10.20 || 1% 45.90 || 234 112.20 || 5% 224.40 
% 12.75 || 1% 51.00 || 3 122.40 || 6 244.80 
% 15.30 || 136 56.10 || 314 132.60 || 62 265.20 
% 17.86 || 1% 61.20 || 3⁄2 142.80|| 7 285.60 
у 20.40 || 1% 66.30 || 334 153.00 || 7% 306.00 
% 22.96 || 1% 71.40 || 4 163.20 || 8 326.40 
% 25.50 || 2 81.60 || 4% 173.40 || 9 367.20 
% 30.60 || 2V4 91.80 || 47 183.60 || 10 408.00 
7 35.70 
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BUILDING MATERIALS 





Average Ultimate Stress 


Safe Working Stress 


Material Pounds per Square Inch Pounds per Square Inch ms 
ur ud Tension | Bending Compras: Tension | Bending ме 
Masonry, GTARIUG ео ааа [ena enero 420 600 
* — |imestone, Бїиезїопөе|..............|.............[..........—- 350 500 
s СНЕ сви erc [e en 280 400 
“ tübble.......... а-а а сар [ошл 140 250 
ці brick, соттоп.......... 10000 200 600 
Ropes, cast steel hoisting..........]..............| 80000 
" standing, дегпск........................... 70000 
А. тс ж КА d oto 8000 
Stone, һїиезїопе..........................| 12000 1200 2500 1200 1200 | 200 | 7,000,000 
“ granite, gneiss................ 12000 1200 1600 1200 1200 | 200 | 7 000,000 
“ limestone, тагЫе..........| 8000 800 1500 800 800 | 150 | 7,000,000 
ОНИ 2 То 23 хо а E АЛАНА РОН 5000 150 1200 500 500 | 150 | 3,000,000 
T јава окна 10000 3000 5000 1000 1000 | 175 |14,000,000 





Galvanized Steel Sheets—Approx. Weight Per Sheet in Pounds 








Size of Sheet 


U.S. Standard Gauge 

























































































їп Inches | 10 12 14 16 | 18 20 22 24 26 , 27 28 | 30 
24х96 42.5, 34.5 | 26.5 | 22.5 | 18.5 | 14.5| 13.5 | 12.5| 10.5 
24х120 |. 53.1 43.1 33.1 28.1 23.1 18. isis 15.6 13.1 
26х96 Р | .| 46.0 37.4 28.7 24.4 20.0 15.7 14.6 13.5 11.4 
26x120 0: flees ae ls ims 57.5 46.7! 35.9 30.5 25.0 19.5: | „зә 16.9 14.2 
28x72 Jinaspa rnana | Н | арк, 30.2 23.2 19.7 16.2 12.4 le. enne ИР |. ossis 
Е РРО кыйын РОННИ e As omae 35.2 27.1 23.0; 18.9 14.49 | аа ТВ b. сыя 
28x96  |....... || sore ТРЕ 49.6 40.2, 30.9 26.2, 21.6 16.9 15.2 | 14.6 12.3 
28x108 PET rr 45.3 | 34.8 29.5 24.3 1950! ls sees ТӨ. ова 
28z120 «ex ote оч аа 62.0 50.3 38.6 32.8 27.0 21.1 19.7 18.2 15.3 
28x144 |....... Їх ааа low aa emo] ККК Л | 5 2 atmos 46.4 39.4 32.4 25:4 | у гака» 21.8 1.5 оаа 
30х96 115.6.| 90.6 65.6 53.1 43.1 | 33.1 28.1 23.1 18.1 16.9 15.6 13.1 
30х120 144.5 | 113.3 82.0 66.4 53.9 41.4 | 35.2 28.9 22.7 21 т 19.5 16.4 
36х96 138.8 | 108.8 78.8 63.8 51.8 | 39.8 33.8 27.8 21.8 20.3 18.7 15.8 
36х120 173.4 | 135.9 98.4 79.7 64.7 | 49.7 | 42.2 34.7 27.2 25.3 23.4 19.7 
42x96 161.8 | 126.8 91.9 74.4 60.4 46.4 | 39.4 32.4 И ДҰ Азына 
42х120 202.3 | 158.7 | 114.8 93.0 75.5 58.0 | 49.2 40.5 9147 нако ана Ж e a суре 6% кешін 
48x96 185.0 | 145.0 | 105.0 85.0 69.0 53.0 | 45.0 370 [ees з н еш жа zi 40% lita Е op [> eG derer 
48х120 231.2 1 181.2 | 131.2: | 106.2 ! 86.2! 6621 56:21 46:2 luus уаз ccn lisa REISER 

Maximum Electrical Carrying Capacity of Pure Copper Wire 
| Circular Current in American Circular Current in | American Circular Current in 
Millimeters | Amperes | Ke Millimeters | Amperes | КЕ Millimeters | Amperes 
211,600 450 7 20,816 75 17 2,048.2 15 
167,805 375 8 16.509 67 5 18 1,624.3 12 
133,079.4 | 315 9 13.094 60 19 1,252.4 9 
105.592.5 | 270 10 10,381 45 20 1,021.5 75 
83.694.2 | 225 11 8,234 37 5 21 810.1 67 
66.373 180 12 6,525.9 30 22 642.7 6 
52,634 150 13 5,178.4 27 23 509.45 | 5.25 
41,742 120 14 4,196.8 24 24 404.01 4.5 
33, 102 105 15 3,256.7 21 25 320.4 3.15 
26.250.5 90 | 16 2,582.9 18 
To Compute the Weight of Steel - Divide the 
thickness expressed in thousands by 25. The re- 
sult is the weight іп pounds per square foot. 
For weight of sheet brass ald HE per eem. For 


weight of sheet copper. add 10 per eent. 


BOARD MEASURE— 


One foot board measure is a piece of wood 12 inches 


square by 1 inch thick, or 144 cu. ins. 


1 са, ft. 


therefore, equals 12 feet board measure. 
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Weights of Steel Angles With Fillet 


Per Lineal Foot in Pounds 
































































Size, | | 
inches | и |» | м | з | зв | ж | м | Iu ml al mlm ж | 1 [аж | 1% 
Se RC ЫН | | | —— | А | | 
| 2$ Жекен Элен Бал by px i Мен 
OLD ы кїз san] ке лен кене c ia мем: 
Ды; ete s М sacre seen жәен қона Ө ылдан 
BOO soe a кицю ИИИ [esc ncs кн sed omar ai ante cnn cet de 
Ж 943]. ОЗО җе ы жагы кенен кол ушин [КИ seme [o eio olim 
5:8| EO Al stage ая Ұс ans an 
5.3] бб. Remember ЫЕНЕН НЕ 
big! LB. VeT voces Sate крену КА ВН ded Soto еі маса ato 
BON CRI БА eese ин маринка] өлен Жем Ұнды lee ee ga 
5-6 7.6! 24 к ҰЛТЫ” Қыта Өле ony unes vd жәен менен [ie t зада | әке 
4.2! 18.3] 3050 10.4) 11.8. ee [ромом oes а жм Жері нын 
7.2 8.3| 9.4] 10.41 11.5! 12.5] 18.4........... eue thoi sare ak ИЛИН 
7.9| 9.1 10.2 11.4 12.5 13.6 14.7| 15.8| 16.8..... Фк le о Қасы; 
85 9.8 11.1 12.4 13.6 14.8 16.0 17.1 18.3..... [ке vss Рои мнен 
8.5 9.8 11.1] 12.4) 13.6 148 16.0 17.1] 18.3 У ЖЕН МАНАҒЫ керін 
©1106] 1259! 333) 24:7] 1640, « «uem ах. care экан [i я s ма | көмей 
9.8| 11.31 12.8| 14-3] 15.7| 17.1| 18.5| 19.9| 21.2.....|.....1.....|..... 
9.8| 11.3| 12.8| 14.3. 15.7) 17.1 18.5) 19.9) 21.2......]...../].....|..... 
10.4| 12.0! 13.6| 15.21 16.8) 18.3! 19.8| 21.3] 22.7| 24.2'.....|.....|..... 
11.0 12.8 14.5 16.2 17.8 19.5 ЖР ТУРҮ КУР үү etaed 
2:3; 1413! 16.2| 18.1 20.0 21.8:.....|... | КӨБЕЙ и 
11.7, 13.5] 18.3] 17.1| 18.9, 20.6) 22.4 24.0 2 sl aaa BY Ж M 
12:: 14.3) 16.2 18.1) 20.0 21.8 23.6 25.4 2 2 28.9 30.6... 
14.9| 17.21 19.6 21.9 24.2 26.5 28.7 31.0 33.1 35.3 : 
13.6| 15.8] 17.9 200 22 1 24.2 26.2) 28.2 30.2 32. 0 
7.21 19.6 21.9, 24.2) 26.5, 28.7 31.0| 33.1| 35.3| 37.4.....|. 
.2 23:0 25. :5 31.2) 33:8| 36.5| 39.1 41.7| 44.2... 
9:6, 32.7 35.8 38.9 42.0 45.0 48.1 510 54.0 56.9 


























STANDARD WROUGHT WASHERS 


Packed in 200-Pound Kegs 


Number Weight 




















Outside | Size of Thickness Size of 
Diameter Hole Wire Gauge Bolt Per я Я 
Number Inches ы Pounds 
% М 18 % % 27,800 3.6 
% % 16 146 и 15,600 6.4 
% 3% 16 % 5% 11,250 8.8 
1 76 14 54 $$ 6,800 14.7 
14 у 14 за 1% 4,300 23. 
1% % 12 % % 2,600 38.4 
1% % 12 % % 2,250 44.4 
134 146 10 M 5% 1,300 77. 
2 ІЗ 9 5% 34 900 111. 
24 1516 8 Ng, % 782 130. 
2% 196 8 [УЖ 1 568 176. 
2% 14 8 gy 11% 473 211. 
1% 8 ug 14 364 272. 
34 1% 7 346 134 275 304. 
3% 1% 7 316 115 256 390. 
3% 134 7 316 1% 220 454. 
4 124 7 3% 134 197 508. 
44 2 7 346 1% 174 575. 
415 2% 7 346 2 160 625. 
434 2% 5 p^ 24 122 820. 
5 2% 4 Bg 2% ||. 106 043 
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Weights of Materials 


The weights given represent averages for standards of various states, as given in circuiare 
issued by the United States Government, and are also compiled from those given by Cambria. 

Тћеу represent, in many cases, the weights of materials as settled or packed in bins, while 
lower weights should generally be figured for materials as slightly agitated or fluffed by handling 
in elevators, screw convevors. etc. 









































































































Weight | Specific | Weight | Specific 
Material of One Gravity || Material of One | Gravity 
Cu. Ft., a Cu. Ft.,| Water 
Pounds Шайды Pounds Fe 
Alcohol, proof ріні: „агашын 58 „Т9 Gold, pure cast, 24К............... 1206 19.32 
Aluminum, cast, pure .| 160 | 2.55 || Granite, solid... .. 166 2.65 
Anthracite, broken, loose. .......... | 55 1,5 Granite, broken. Об: Кена К 
ЖаБен ов ca c m esee к-та ж. жаран | 175 2.8 Grivel Ин M .| 100 1.75 
Ash, American White, dry (wood)... 47 | 475 Gypsum, under 1” Crushed 180 60: LOO «i sts 
Ashes of soft coal, solidly packed.... M^ ЖЕ Gypsum, powered. ....... G0to80| 2.2 
Аво БАЈЕ ОИ oor укэ» аана сец 87 1.4 Hay, baled.......... 227 римује 
Barley.... | SES Ре Hemlock, perfectly dry 25 .40 
Barytes...... і B0. Бани | Hides green, 85 pounds еасі........ ........ аштык» 
Вар, ОРИ «oed v tha wr oen 90 lesse Hickory, perfectly dry........ 50 | .80 
Benni see oreet end p e Ka de AS. 1с6%%%%4 Ice, 56 | -.90 
Ведение nice rosea 50 | .85 || Iron, cast 446 1.35 
Bauxite, СТИЛИ... „зз. BO Ж asses exces TRON), WEOUED: ыы cir чага А 480 7.69 
BEAM це ea rom —  — е] JO lanar | hean, Ше ёге ра Sed Meet 709.6 | 11.38 
= (8.2060 Lignumvitae (Ягу): оаа) 41 to 83 .66 to 1.3 
Brass (copper and zinc), cast........ 519 18.60 || Limestone, 1оове................... 96 2.6 
Brick, best pressed... ove не вани 134 | 2.15 Linie, QUICK, сана v СТО жық 95 1,5 
Brick, common and ћага........... 112-125 .... ev Lime, quick, ground, well shaken.... DA. ee con ra 
Bricks, Прењ. 22 ap d nentur tfe X оне DEL јеси лана lame; МУЗЕЕ oos аа дана ж ido 20 50:45: os oisi s 
Brickwork, сепепб................. ЩО Инн Locust, dry. 46 | „1З 
Bronze, copper 8, tin 1 (gun metal).. 552 | 8.85 | Magnesium. 109 1.75 
Cedar. қ tms Ro mmo m exten. © enforce 24 | 57 Mahogany.. 56 .90 
Cement, Portland, per barrel, net, Manganese БООГ ieu 
376: pounds отете қылығы est 100 1.6 Maple, dry 44 .70 
Cement, Portland, standard propor- | | Marble; erushed, 2... сыну а ene «тате 90 2.6 
100 | 1.6 ГОМО сва бағдар дм qiias маб 79 
156 | 2.5 | Oak, live, perfectly dry, .88 to 1.02..| 72 
йб. ieu s sane white, perfectly дгу........... 50 
Charcoal of pines and oaks........ 90186338. зако з акъ СОВЕ а рано є раль З. ТЕТІГІ” 26 
Cherry, perfectly агу............... 44 | .70 | linseed..... 59 
Chestnut wood, dry. | 38 .60 || Oil, petroleum 51 
Cinder, blast furnace | BET биране Oil, olive and whale. 58 
Cinders (coal, ashes and clinkers)....| 40 | 64 Ore, zinc, crushed 160 
Clay, dry, in lump, loose.. З РУР Ore: Эв ЧҮ... ы з лена ўа en] 150 
Clinker, сетей озат sores ала 2 ЗОО ОВ. эло s их Oxide, Iron Бропре................ "28 to 
Coal, bituminous, зоћа........... 1.27 || Phosphate ас!Ч.................... 62 
Coal, Bituminous, broken, of any si | || Phosphate Pebble. |, 100 
DUC indc catre E R H Phosphate: лові. ое а eee tae 85 
СЫ, У бер qs conset нт зе tmt к | Pine, white, perfectly агу........... 32 
Coke, Breezes... ss crise sesers erised | Pine, Yellow Southern, perfectly dry. 4l 
Coke, Refiners’......... Poplin; dry га гана sia gare, қаба 32 
| Coke, loose, good quality DUAE UA с езу x ots nls ith v restés nal 90 to 100 .. 
Concrete, conglomerate, with Port- РАДІЮ; CONEA Е eren pra 45 | 
ТЕТІН уз болса ыздын. аме 143-150 |... Salty dry. NOs: crx ловко рем 80 |.. 
Concrete, gravel, with | Portland SELBE d т, i ET EK ғады 117to130 .. 
Өе cca moms reo нді Мапа (ШЙ... „чыл a: жазыл» possem за arate STO: ТО 
Sandstone, quarried and piled... .... 


| Cotton seed hulls.......... 


Concrete, loose, unrammed, weighs 5 
to 25° lighter, varying with con- 
sistency. | 

Copper, cast 

Copper, rolled 

Corn, Shelled. 

Corn, meal.. 

Cork, dry... 

Cotton seed 

Cotton seed cake, 















Cotton seed meal 
Себ, гез 
Cypress ....- 


Earth, common lo dry, | 
[IIT T MT улан 
Earth, common lo: tly dry, 
Же Ке, з з o Ge куклы эйс a ae 


Elm, perfectly dry T 
Feldspar, powdered 

Мах seed, ooo... us 
Flour, 196 pounds per barrel, net.. 
Pallers earth... ile 


Glass, 


Cotton Bales, Weight 500 Ibs. 





Full Bale, compressed, size, 277х5- 
bales vary 


The sizes of cotton 
A fair average js piven above. 






Sawdust 





8.7 
8.9 
.64 
.64 ТШД, Семе, рамы entr оаа 
ІМ ТТТ” 





Soda ash... 
Spruce, dry 
Steel... 
Straw, ba 
Sugar, refine 
Sulphur 
“Шама 








72 (о 80 1.2 ГІТ; RUD 2 қылын арын adiri suce tes 
Trap rock, erushed — Р 
1.2 Turpentine, 300 pounds per ba 


г Pury 
. 07 Wah 







ми, Білек, perfeetlv dry 
note below). . жна ка 
DE PT. pure rain, distilled, at 32 
4: „ Жат. 30 ће ЕТТЕН 
со 10 
зло 15 < 
163 2.0 Zine or Spelter. 


Full Bale, not compressed, size, 27'x54'x42*. 
"x18". 


according to the baling machine used, and 


455 


б. 













amount of compression 
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SPECIFIC GRAVITY AND WEIGHT 
OF SOLID SUBSTANCES, EXCEPT METALS AND WOOD 













































mem Average 
Specific |W eight, Specific |Weight, 
Substance Gravity nm BET Substance Gravity |Lb. per 
u. Ft Cu. Ft. 
Asbestos лоза сеоска ses 2.1-2.8 153 ||НогпЫепае.............. 3.2-3.52| 210 
43 |е еван ан выл 0.88–0.92| 55—57 
Азрћа ит. 1.39 87 ||Leather................. 0.86-1.02 59 
Barytes..... 4.50 281 ||Lime, quick, in bulk...... 0.8-0.96 55 
БАҚАЙ «yuan d ad pidan А 2.7-3.2 184 
4 Limestone............... 2.3-2.9 160 
Вайхе 44%4444.44....... 2.55 159 ||Magnesia, carbonate...... 2.4 150 
онг. Raw p PNEU E i 2 e 5 107 Magnrsite ини p dee A 3.0 187 
ІС, ЗО... eee ee - У РЕТТІ 170 
Brick, соттоп........... 1.79 112 
Brick, hard... 1... 2.0 qus | emn ccrte Бы 
Brick, pressed............ 2.16 135 Masonry dressed 160 
Brick, Bre. 5:5 e ees 2.24-2.4 145: айнышы e. os sels 95 
Brick, sand-lime.......... 2.18 136 111 
Brickwork, mortar. 1.6 100 Paper 58 
Brickwork, cement........ 1.79 ‹з dre анна ane same MT 
Вела Ameis war ТЕЗДЕН PERS ors ымы my 
Cement, American, natural] 2.8-3.2 187 | LA REND раку: 
Cement, Portland.........|3.05-3.15| 190 ||Bhosphate rock 
Cement, Portland loose. 1.44 92 МРС Ы 103 
Cement, Portland barreled.| 1.84 115 азе кат 
Cement, slag... .9-2.3 130 ро ыа 150 
ШЕ о c айн ты 2:9 modice: .8-2. 13 уту. 
Rm i nena den 12-24 | 137 Рштісе.................. 20 
Coal, anthracite.......... 1.4-1.8 97 ||Riprap, limestone........ 1 3-1 .4 | 80-85 
Coal, bituminous......... 1.2-1.5 84 ||Riprap, sandstone........ 1.4 90 
Coal, lignite............. 1.1-1.4 78 ||Riprap, shale. ........... 1.7 105 
Coal, charcoal............|0.27-0.58| 18 j||Rubber, caoutchouc...... 0.92-0.96| 59 
Сое огу бен іе о З ашата 1.0-1.4 | 22-27 ||Rubber, manufactured....| 1.0-2.0 95 
Сопетебе cecidi wee 1.92-2.48| 133 ||alt................ eee: | 48 
СОГ» v caters ors a sese 0.22-0.26| 15 ||ЗаМреег................ 67 
Dolomites зано каз зет 2.9 181 (Зап. cscs yess see aa ess 76| 100 
Earth, dry, loose......... 1.2 75 ||Sand wet... .07| 125 
Earth, dry, packed. ...... 1.5 93 ||Sandstone.. 4 145 
Earth, moist, loose....... 1.3 81 ||Serpentine.. “7 165 
Earth, moist, packed...... 1.6 100; ||Shiale. 5.229 rmn .9 172 
Earth, mud, flowing......| 1.7 106 ||Slag, bank............. 1-1-1:2 69 
Earth, mud, packed....... 1.8 112 ||Slag, bank screenings... 1,5-1,9 107 
| foe is съз EP 4.0 250 ||Slag, machine 1.5 96 
кејазрар, ана ку меме» е 2.5-2.6 159 ||Slag, sand.. 0.8-0.9 53 
Glass, common........... 2.5-2.75 164 ШИШЕ, ыс vacas ае РА 2.72-2.88 175 
Glass, crystal............ 2.90-3.00| 184 |5оарзбопе............... 2.65-2.8 170 
Glass, flint. аза а а та з 2.9-2.31| 188 (|Starch............... А 1.53 96 
Glass, plate.............. 2.45-2.72| 161 ||Stone, уагіоцз............|2.16-3.4 |135-200 
КИН, „лр аа з ооо З У 2.4-2.7 165 |Зсопе, crushed. ...... 1.6 100 
Granite. ава бюд а зз 25-31 179 |\Sulphur....... 1.93-2.07| 125 
атар ЕВ... sarai нк 1.9-2.3 126 | Tale scectneeies 2.6-2.8 169 
Gravel, dry, loose....... 1.4-1.7 | 90–105|Таг, bituminous.. 1.20 75 
Gravel, dry, packed..... 1.6-1.9 |100-120)|Terra-cotta..... 1.9 119 
Gravel Wet на м вк вок я је + 1.9 120: Пе ноги ваљка 1.76-1.92| 115 
Greenstone.............. 2.8-3.2 187 |Тгар КОСЕ zm 2.72-3.4 185 
Gypsung iieri iex Г, 2.08-2.4 140 Wools сеть 1.32 82 























MELTING POINT OF SUBSTANCES 













Substance. |Мен °F, || Substance. |Melts oF | Substance. Melts °F. | 
sphaltum.... 210 a hana 45 |! eect. 120 
Вее5-мах...... 154 Parafine...... 130 | Stearine.. 128 
[G8 5 cess. ui E ETS 32 Phosphorous. . 112 Sulphur. 239 
Iodine....... 225 Rosin........ 175 Water freezes. 32 
Mercury....... 39 Selenium. . 442 Tallow. .. | 92 
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WEIGHTS AND SPECIFIC GRAVITY OF METALS 




















Specific Melting 
Metals, Etc. Gravity Point 
Deg. F. 











Аштіпшп.............: Dues x Ue ал Se 2.67 1218 
Antimony... нн 6.71 1166 
ere a en ne rey, 3.75 1562 
———— —— —À—ÓÉ 9.80 520 

WEG FREES SURG SpA a реа © anal 2.60 4000-4500 

ЕК SHUTS SMES В TUNER T OSES GF BERETS 2 8.40 1700-1850 
ВО обл a: б ро © СОЕ 8.85 1675 
МӘНЕРМЕН Саа асаа 8.60 610 
элее rats ordo pali. HARE er зеце а ага 1.57 1490 
—— REX 6.50 2939 
за 8.2 ROMS 2 BEG я Peele о ож оне A 8.65 2696 
nu Жый Зрада 2 LEGS а БЕО БЕ AB ORAS Я 1981 
па рер tome терт 1945 
з Зубра чола с amare начини ба фак ата кесу 4260 
dann à дор 3 ковані већима 2300 
Iron Wrought. А .85 2750 
Lead....... зай А а 620 
Magnesium А T 2 1204 
Manganese. 2246 


Mercury. 
Moly bdenum 














k 
Platinum Rolled. 
Platinum Wire... 
potassium кыр 











m 














































































Liquid ресе Liquid | S Liquid | 
Acetic acid. .| 1.06 | Fluoric acid...| 1.50 || Petroleum oil... ... 
Alcohol, commercial 0.83 || Gasoline...... 0.70 || Phosphoric acid... 
Alcohol, риге....... .| 0.79 || Kerosene..... 0.80 || Варе oil............ 
Ammonia............ 0.89 || Linseed oil....| 0.94 || Sulphuric acid...... 
Benzine.. ........... 0.69 || Mineral ой...) 0.92 || Таг................ 
Вгопипе........ „| 2.97 | Muriatic acid.| 1.20 || Turpentine oil....... 
Carbolic acid ..| 0.96 || Naphtha...... 0.76 || Vinegar.... 
Carbon disulphide....| 1.26 || Nitric acid....| 1.22 | Water...... 
Gotton-seed oil.......| 0.93 | Oliveoil......| 0.92 || Water, sea. 
Ether, sulphuric......| 0. ЕТІ 97 || Waleoil........... 























MELTING POINTS OF COMMON METALS 
m ° Fahr. || Metal ° Fahr. || Metal ? Fahr. 
Gold) org hte nn 1945||Platinum ........ 3191 
Сорреї s.a os 1981 ||Molybdenum ..... 4595 
Manganese ...... 2300||Tantalum ........ 5252 
Silicon: s анха Tungsten ........ 6152 

Nickel к. Carbon зані: 


Cobait .. 
Chromium 
SA Iron. +, 
Magnesium Palladium . 
Aluminum Zirconium 
$умег_........... Vanadium 


Bronze ..2.2Ҙ.... 1675 
Solder (50-50).... 450 
Babbitt Metals.350-450 
Zinc Die Casting 

Alloy" азы 715-720 


Antimony 
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Different Standards for Wire Gauge 
IN USE IN THE UNITED STATES 


Dimensions of Sizes in Decimal Parts of an Inch 















































Bir- | Music 
No. of Brown mingham, | Washburn | Stuns’ | U.S. Wire 
Wire & or Stubs’ | & Moen Steel Standard (А. 5. & Zinc 
Gauge Sharpe Iron Wire Wire for Plate W. Co) Gauge 
000000 .58000 ТЕ ‚4615 Те 216875 004 | 
00000 .51650 ‚500 ‚4305 — . 4375 ‚005 
0000 .46000 ‚454 ‚3938 ҮРҮ ‚40625 ‚006 
000 ‚40964 ‚425 .9625 dud £919 .007 
00 ‚36180 .38 .3310 NEP ‚34375 . 008 
0 ‚32186 ‚34 . 3065 MP 3125 ‚009 
1 .28930 “3 . 2830: | .227 | .28125 ‚010 
2 „25163 „284 „2625 ‚219 ‚265625 .011 
3 .22942 .259 . 2437 „212 229 „012 
4 . 20431 .238 .2253 .207 .234375 .013 
5 .18194 122 .2070 ‚204 .21875 .014 
6 .16202 .203 .1920 .201 .203125 .016 
7 ‚14428 .18 2277 ‚199 ‚1875 ‚018 
8 ‚12819 ‚165 1620 . 197 | 171875 . 020 
9 ‚11443 . 148 . 1183 ‚19+ 15625 „022 
10 . 10189 ‚131 .1350 | „191 ‚110625 . 021 
11 . 090712 .12 .1205 .188 125 ‚026 
12 ‚080808 ‚109 ‚1055 .185 .109375 .029 
13 .071961 .095 .0915 182 09375 .031 
14 .064081  .083 .0800 .180 ‚078125 .033 
15 ‚057068 ‚072 .0720 ‚178 0703125 ‚035 
16 .050820] .065 . 0625 .175 0625 . 037 
17 ‚045257 .058 .0510 ‚ 12 05625 .039 
18 .040303,  .049 . 0475 .168 05 .041 
19 .035890 ,013 .0410 .164 . 04375 .043 
20 .031961,  .035 .0348 .161 0375 ‚045 
21 ‚028162 4032 .03175 AST 031375 .047 
29 .025341|. .028 .0286 ; 155 03125 ‚019 
23 .022571| .025 .0258 .153 | .028125 .051 
21 ‚020100, .022 „0230 .151 025 .055 
25 ‚017900 .02 ‚0204 ‚148 021875 ‚059 
26 .015940|  .018 ‚0181 ‚146 01875 . 063 
27 ‚014195 ‚016 ‚0173 ‚143 0171875 ‚067 
28 ‚012641 . 014 . 0162 .139 015625 . 071 
29 . 011257 . 013 . 0150 . 13+ 0140625 .015 
30 .010025 .012 .0140 < 121 0125 ‚080 
31 .008928 .01 .0132 .120 0109375 .085 
32 ‚007950 ‚009 ‚0128 .115 01015625 .090 
33 ‚007080 ‚008 ‚0118 ‚112 ‚009375 ‚095 
34 .006304 .007 .0104 .110 | .00859375 . 098 
35 . 005614] .005 . 0095 ‚108 0078125 mw 
36 .005000 .004 .0090 .106 .00703125 
31 . 00-4453! .... . 0085 . 103 006640625 
38 .003965| .... .0080 .101 „00625 
39 .003531| .... .0075 4099. |а атна 
40 ‚003144 ЖҮР ‚0070 2097 РГЕТГІТТІТІ 





'To Copper the Surface of Iron and Steel Wire— 
Have the wire perfectly clean, then wash with 
the following solution, when it will present at 
onee, а сорреге faee: Rain water, three 
pounds; sulphate of eopper, one pound. 
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Standard Gauges — Sheets, Plates and Wire 








































































‘Thickness апа Weight of Sheets | Thickness of 
and Plates Wire 
00 В U.S.StandardGauge | m | American ог ||Wash- 
Adopted by U. S. | Birmingham | Brown & burn 8 00 
| Suy iss бш | баме [биш 
Number , ! 
Ве Thickness, | Pounds, Thick- р тн Ponit [Thiele 0 
1 2 Inches Sd. Ft. |Inches Sq. Ft. Inches sc Ft. Inches 
T | e | 7 ы dcr | i 
0000000 4 |.5000 | 20.4 |..... КУ sna cy ТЕР acies] le а 2 
000000} 13 1.46875| 19. 125].....|....... |.580 | 23.6 ||..... 
2 ____| 00000) =, 1.4375 | 17.85 |... |: [5165 21.0 |..... 6» 2 
0000, 13 |.40625| 16.575] .454| 18.5 1.46 18.71 ||.3938 
000] 3 |.375 | 15.30 | .425! 17.28 1.409 | 16.71 ||..... 
3 2 00) 21 |.343 | 14.025) .38 | 15.45 |.364 | 14.88 ||.331 о 3 
04% |.312 12.75 | .34 | 13.82 |.324 | 13.26 |.307 
1 .281 11.475) .30 | 12.20 |.289 | 11.80 ||.283 
4 E 2 .265 | 10.837| .284| 11.55 |.257 | 10.51 ||. 263 о 4 
3 ‚25 10.2 | .259) 10.53 |.229 | 9.36 ||.244 
з __ 4 15 |.234 | 9.562 .238| 9.68 |.204 | 8.34 |.225 e 5 
5| > |.218 8.925| .22 | 8.95 |.181 7.42 ||.207 
c ЕЕ 6 12.203 | 8.287 203} 8.25 162 | 6.61 |.192 @ * 
| T (1 oe E 7,92 C 5.89 ||. 177 
421.17 . .165| 6.71 |.128 5.24 ||. 162 7 
в 9х |156 | 6.375 .148| 6.02 |1141 4.67 || 148 Ф 
10] жї |.140 5.737 .134| 5.45 |.101 4.16 ||. 135 @ 8 
o ЈЕ пі $ .125 | 5.1 |.12 | 4.88|.09 | 3.70 |.120 
12) т |.109 4.462 .109 4.43 |.08 3.30 ||. 105 @ 9 
9 БО 13) 35 |.093 3.825) .095| 3.86 |.072 2.94 ||.092 
и 14] 5, |.078 | 3.187 .083! 3.37 |.064 | 2.62 | 080 Ф v 
15/434 |.070 2.868) .072| 2.93 |.057 | 2.33 ||.072 ә! 
16 у 1.062 2.55 | .065| 2.64 |.05 2.07 1.063 
11 ЖЕШНЕН 17 115 .056 | 2.295 .058) 2.36 .045 | 1.85 1054 @ р 
18) y |.05 2.04 | .049 1.99 |.04 1.64 ||.047 
12 ЕЯ 19 1151.043 | 1.785 .042| 1.71 |.035 | 146 |041 € 13 
13 EET 20] y |.037 1.53 | .035] 1.42 |.032 1.31 ||.035 6 и 
21 35% .084 | 1.402 .032 1.30 |.028 116102 э, 
Бесик з | 
14 22 уь |.031 | 1.275 .028 1.14 | .025| 1.03 |..... ә 16 
| 
15 EES 23 vis Фе 30 о 1.02 я А 22 s ara e п 
№ |. У 3 .895) .020; ‚82 
REY | Ша: ыы 
16 25] кї; |.021 1892) 102 | 813 .017| 73... e 18 
17 = 26:%1.018 .765) .018 .732 .015 .649...... e 19 
$ 27| sis |.017 .701 .016| (651 .014  .579..... « 20 
—— 28 зы |.015 .637 .014 .569| .012 ЭН ска 
—— 29] «$5 |.014 .573! .013|....... .0M| .461|..... га 
Е насаа на 30 „у 1.012 511 012. 011 408, 
21 имей і 
D ЛРаЕНИНЕНиН Sheet mills roll steel sheets to U. S. gauge unless 
23 ammes Otherwise ordered. Plate mills usually roll heavy 
24 plates, ?(; and heavier, and light plate No. 8 to 
25 No. 12, to Birmingham gauge. In figuring weights 
26 of steel plates add to above the allowance for over- 
27 weight, adopted by Association American Steel 





Manufacturers. 
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SAFE LOADS 
FOR ROPES AND CHAINS 
(In Pounds) 


CAUTION ` When handing molten metal, 
Wire Rope ara charms should be 25% 
Stronger than indicated in table. 


SAFE LOADS 


NOTE : Sate loads 
in table are for 
each з/таје горе 
ата chain 
Used doub/e or 

п rrultiples, 
increase loads 


ит Propor tior? 

DIA. 
PLOW STEEL # | 10200 
| № | 19500 
WIREROPE Е |14200 


© Strands of и |42000 
ІЗ or 31 Wires % | 54000 


NF бушу бі г | 70,000 
Steel Rope а 18 | 88000 
used Reduce 114 (110000 
loads 20 9, 138 1136000 

1 1160000 


DIA 
OF IRON 


CRANE CHAIN s 


Best madeof ip 
wrought ron 5% 
handmade 54 
tested short 75 
link chain | 
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Comparative Weights of Steel and Brass Bars 


Steel—Weights cover hot worked steel about 50^; carbon. One cubic 
inch weighs .2833 lbs. High speed steel 10%% heavier. 

Brass—One cubic inch weighs .3074 Ibs. 

Actual weight of stock may be expected to vary somewhat from these 
figures because of variations in manufacturing processes. 









































Weight of Bar One Foot Long, Lbs. 
T Brass 
0115 0113 0114 0125 

046 | 05 .058 050 
10 102 130 112 
19 18 23 20 
29 28 .36 31 
42. | а 52 45 
56 35 71 61 
24 | ла .92 .80 
91 | .92 1.17 1.01 
1.15 1.13 1.44 1.25 
1.40 1.37 1.74 1.51 
34 5 1.66 1.63 2.07 1.80 
Me | 1,76 2.24 194 | 1.91 2.43 2.11 
Ig | 2.04 2.60 2.25 2,92 2.82 2.45 
15% | 2.35 2.99 2.59 2.55 3.24 2.81 
1 2.67 3.10 2.94 2.90 3.69 3.19 
1% | 301 | 3.84 3.32 3.27 4.16 3.61 
1% | 3.38 1.30 3.13 3.61 1.67 1.04 
156 | 3.77 4.80 1.16 1.08 5.20 | 451 
1% | 417 5.31 1.60 1.53 5.566 | 199 
1% | 4.60 5.80 | 5.07 1.99 6.35 | 5.50 
138 | 5.04 6.13 5.56 5.18 6.97 | 6.04 
1% | 5.52 7.03 6.08 | 5.99 7.62 | 6.60 
1% | 6.01 7.65 6.63 6.52 8.0 719 
1% | 6.52 8.30 7.19 7.07 901 | 7.80 
1% | 7.05 898 | 7.77 1.65 9.74 | 844 
пис | 7.60 9.68 8.38 8.25 105] | 9.10 
1% | 8.18 10.11 9.02 8.87 1130 9.78 
1% | 8,77 11.17 9.67 9.52 12.12 | 10.49 
1% | 939 11.95 10.35 10.19 12.97 111.94 
115% | 10.02 12.76 11.05 10.88 13.85 — |12.00 
2 10.68 13.60 11.78 11.59 14:6 — 112.58 
2% |11.36 14.46 12.53 12.33 15.69 {13.60 
214 | 12.06 15.35 13.30 13.08 16.66 |1412 
2% | 12.78 16.27 11.09 13.87 17.65 115.99 
214 | 13.52 17.22 11.91 14.67 18.68 |1647 
25% |1428 18.19 15.75 15.50 19.73 17.09 

2% |15.06 1918 16.62 16.34 20.81 18.02 | 














ре weight ої Hexagon and Octagon Rods, take weight of Round and Square, add together, and divide 
yt 
Specify Gravity = 8.509. Weight per Cubic Inch = .3074 lbs. Weight per Cubic Foot = 531.1 lbs. 
These weights are theoretically correct but variations must be expected in practice 

CASE HARDENING CAST IRON.—Salt, 21 Ibs.; saltpetre, 14 Ib; rock alum, Y 1Ъ.; 
carbonate ammonia, 4 oz.; salt of tartar, 4 oz.  Pulverize all together and incorporate 
thoroughly. Use by powdering all over the iron while hot, then plunging in a cold 
liquid made as follows: Soft water, 10 gals.; salt, 1 peck; oil of vitrol, У; pint; salt- 
petre, м 1Ь.; ргизїа{е of potash, У; lb; cyanide of potash, 34 lb. Heat the iron a 
cherry red, and if not sufficiently hard repeat the process. 


Tinning Surfaces—Articles of Brass or Copper 
boiled ina solution of staunate of potassa, mixed 
with turnings or serapings of tin,in a few mo- 
ments become covered with a firmly attached 
layer of fine tin. 
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Weights of Aluminum, Brass and Copper Sheets 


APPROXIMATE—POUNDS PER SQUARE FOOT 


Copyright 1942 — Charles Shields, St. Louis, Mo. 


































































































































American в, А. T & X. E ALUMINUM COPPER 
Wire or THICKNESS | ALUMI- ALUMI- Commercially COMMER- Cold-Rolled 
Brown & Inch NUM NUAM Pure СТАТ. апа 
Sharpe ALLOYS ALLOYS 99 to 99.4 HIGH BRASS Annealed 
Gauge No. Nos. 26-27 No. 28 per cent | 
0000 0.4600 5.680 6.410 6.490 20.270 21.270 
000 5 5.780 18.050 18.940 
00 5.140 16.070 16.870 
0 4.580 14.320 15.030 
1 £080 12.750 13.380 
2 3.632 11.350 11.910 
3 10.110 10.610 
4 0.2043 9.000 9.450 
8 0.1810 $010 S410 
6 0.1620. 7.140 7.490 
7 0.1443 6.360 6.670 
X 0.1285 5.660 5.940 
9 0.1141 5.040 5.290 
10 0.1019 4.490 4.713 
11 0.0007 1.264 4.1 
12 0.0808 1.126 
13 0.0742 1.004 
14 0.0641 0.030 0.894 
15 0.0571 0.829 0.796 0.505 2.641 
0.0508 0.708 0.716 2 2.349 
0.0453 0.631 0.630 1 2.095 
0.0403 0.585 0.562 0.568 1.776 1.564 
0.0350 0.5210 0.5010. 0 5060 1.5820 1.6600 
0.0320 0.4640 0.4460 0.4510 1.4100 1.4800 
0.4140 0.3070 04020 1.2560 1.3180 
0.3671 0.3527 0.3507 1.1150 1.1700 
0.3280 0.3150 0.3186 0.9060 1.0450 
i 0.2917 0.2802 O.SS60 0.9300 
0.0179 0.2597 0.7800 0.8280 
26 0.0159 0.2307 0.2216 (77% 0.7010 
97 0.0142 0.2060 0.1950 0.2002 0.6260 
28 0.0126 0.1828 0.1756 0.1776 0.5550 
29 0.0113 0.1610 0.1575 0.1593 0.4980 : 
30 0.0100 0.1451 0.1394 0.1410 0.4406 0.4625 
0.0089 0.1296 0.1245 0.1259 0.3035 0.4130 
0.0080 0.1154 0.1108 0.1121 0.3503 0.3677 
0.0071 0.1027 0.0987 0.0995 0.3110 
0.0063 0.0014 0.0878 0.0888 2776 
0.0036 0.0814 0.0782 0.0701 0.2472 | 
36 0.0050 0.0726 0.0697 0.0705 0.2203 
37 0.0045 0.0646 0.0620 0.0627 0.1961 0.2058 
38 0.0040 0.0576 0.0560 0.1749 0.1836 
39 0.0035 0.0512 0.0498 9.1233 0.1633 
+0 0.0031 0.0456 0.0438 0.0443. 0.1383 0.1452 








Copper Sheets сап be Obtained in Fractional Inch Thickness, Varying by Sixteenths of an inch from 1 


16" to 2”. 


ALUMINUM 


Aluminum is a soft and ductile metal of comparatively high tensile strength, and it is 
therefore peculiarly adapted for such automobile and machinery parts as require light- 
ness and strength. The metal in a molten condition, however, oxidizes quite readily, 
and this point, aside from expansion and contraction, is our chief concern in the welding 
of this metal. By referring to our table of melting points of metals we find that aluminum 
melts at approximately 1200 Fahrenheit, almost half of the temperature required. to 
melt cast iron, and by referring to our tables on heat conductivity and co-efficients of 
linear expansion of metals we find that aluminum conducts heat almost three times as 
readily as iron, as well as has а 50 per cent greater shrinkage. 
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Shield's Brass and Bronze Bushing Table in АП Sizes 
































































































n P n n 
2 | | ufa об А 2 
48. 05325. Poe ses. 8285483. 42854 
Ено SS ЕЕ ЗА а ДЕЗ ВЕ ыз о а 
БЕЗЕІЗЕЗІЕ 523222338 2545225222 654295442 
ASA А аз Ной саев Е Заб SEA Заба 
DT вм парами АГ? 4 [1913 yig] 121354“ [2] 34 | 
1211М1М % | 5% 1224] “| и 1% |123 й ЕЕ 112354 |“ |214| 1% 
12114 "| 56 м 12124] “|1 5411913 | * |134| 5% 121354 [3541234 56 
12119 14] 14 | 3 12244] “ |134| % 112) 3 « |174| % 12394 | * |214| % 
121141“ | 54| 5% 12|214| * |134| 1411213 “ |2 15 1213%| “ |254| V6 
121141 “| 34| и 12|214| “ 1134| 6 (1203261361611 [12]3%| “ |234| % 
12|1% 1% % | % 2/214 “|1%| 3512/334] “ |134| 196612 |334 |334 |134 |13% 
12| 134 : 54 | 34 |12|214| * |154| 5% |12| 39] * |1%| 1% 12]334| * мим 
12 1% и и 5% (121934 2% 1 Weel 12] 374 * 1114] 13641213341 < |134 13s 
1211% т; | M |12|224| “ |134| 5% 121306] < |154| 34 12|334| “ 1114|13% 
12] 114 1% М(|%Й99%| “ |134| % |12] Зи] * |134| 16121334] “ |15%|11% 
12|114 54 1% 12]294 294 194 | 16 |12] 34] * |1%| 96 |12]334| “ 1134 1 
12 1% 5 % | 34 |12|234| “ |134| 1612356] “ 2:334| * |1%| 1% 
12/114 « % | 5% 12|234| 4 [134| 58 |12]зи|3М 2334| “ |2 и 
(12:114 1 |%[12|2%| “ | 34 % |12134) © 121341“ |234| 1% 
1211%|1%| 16 19% 112122612161 зд 112134 “ 12]334| * 24| 34 
121% * | $6 | 16 12214] “ [134| "a 12:394 4 12]334| “ 1234| 1% 
12136| * 34 17 12 214| * |14] 96 1191314 “ 12|334| * 1234| % 
12 1% и 78 | 6 [12/234] “ |1%) % |12] 30 | * 12|334| * |2%| 96 
12|1% 1 |в 1121224 “ |114 б |12] Зи | є 12134 | * |234| М 
12|1%| * 134 | м 2206] * [156 | 7 ЖЕ 324 a14 114 156 
d ie А 2:26 ә 134| % |12] 34 12 |37$ |374| 114 |1% 
2 4 134 ж % 12 |226 134 | 3% |12134 “ 12|374| * |134 114 
| us и % 12|214| “ |178| % 112|3%1|3% 12 |3% | " 1141596 
12 E | 34 | 36 |12 1256125611 13411213341 “ 19 13761 * 11541126 
12 |134 78 | Ye |12 |256] “ |15%| 34 112/338) “ 12|37$| “ 1134 1% 
12]134| “ |1 $$ 12]29$| " |134| 1612334) “ 12]37$| * |1%[1 
121134| “ |1 | 56 1122561 * |13%| 5% 11238 “ 12 |37% | “|9 | 2% 
12 14 ы тА Я 12 |256] “ |1У6| % |12]334| “ 12|374| “ 1244| % 
12 1% 1% 5% | 5% 112/254] “ 11561 № 1191334| “ 121341.“ |214 | 1% 
121174 4 34 |%1912%| “ |134| Ye 1121334] “ 12|37%| “ |2%| 34 
12|1% 78 | у |12 |254] “ |174| 3% |12|33%| “ 12|3%| * |2%4| 1 
1211711711 | 1% 12 25| " 2 | %[12]3%| “ 12 Ї314| « 12941 54° 
12 19 " 1156 | % |12 |234|234| 1 178 |12|315|3 6 121341“ |234| % 
12|1%| “ |134 | м 12 234| “ |114| 34. 12314 6 124 |4 1H 126 
12|2 |9 $4 | 1% 1341 1%1121314| « 12 |4 “ 1136 1566 
8 | Me %| 146121316 1214 “ |110 11 
122 | «| &|% 14 56 « 5 ТАДА 
4 8 2 8 12 12 4 “ 52113 
1212 | «| %|% %1% 126 1% 
8 | 9% 158 | %6 |12 Б 124 | * [134 |114 
1232 | * 1 | 134 | 14 ојзи | « 124 | * пе 
1219 « 1% % 1 1561191: « 12 4 й ты 15 
1212 * 11M 1%] % 12|: “ 12 |4 “ 1214| 1% 
9 34 124 | 13%[12 « 12 |4 З 24 1% 
2 1% 34 12|3 и « 12 |4 ? 2% 1% 
2 | 12|4 |“ |214| % 
12% | 11% 12|35% |35 12 14 а |552] 16 
2 1% 5% 12 а 2 |; “ 2% "fo 
$| % 12 4 241 % 
134 | % |12 x 12 |4 « |272| % 
174| 26 12 “ 124 |“ 3 и 
1 


1 [2 
1 | 1612 
14 | 1% |12 
134 | 1%[12 


Copyright 1916 
By 


Chas. J. Shields 
St. Louis, Mo. 
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International Atomic Weights 
























































































































; 5 At. | : 
Mt Melting |! Sym- | y | At Ме п 
Weight Point C? | bol | > | Weight | Point È 
Aluminum Al 13 2697 | 6587 Mercury | Hg | 80 2061 | —38.85 
Antimony Sb 51 121 76 630.0 Molybdenum Mo 42 | 960 | 2535 
Argon A 18 39 944 — 189.6 Neodymium Nd 60 144 27 | 840 
Arsenic As 33 7491 Зиб! (509) || Neon Ne 10 20 183 —253 
Barium Ва 56 137.36 850 Nichel Ni 28 58 69 1452 
Beryllium Be 4 9 02 1280 Nitrogen N 7 14 008 | —210.5 
Bismuth Bi 83 209 00 260 2 Osmium | Os 76 191 5 | 2700 
Boron B 5 10 82 2000 2500 | Oxygen Го 8 16 000 — 218 
Вгопипе Вг 35 79 916 -13 Palladium Pd 46 106 7 | 1549 
Cacmium 5 112 41 320 9 Phosphorus Р 15 31 02 44.2 
i 40 07 810 Platinum Pt 7! 195 23 11755 
12 000 | 3500 Potassium K 19 39 096 62.3 
140 13 640 Praseodymium| Pr $9 140 92 940 
132 91 26.4 Radium Ra | 88 | 225 97 
35 457 —40 Radon Rn 86 |222 Mtn 
Chromium у 52 01 1615 Rhodium | Rh 45 | 102 91 1950 
Cobalt Co 27 58 94 1480 Rubidium Rb СА 8544 . 385 
Columbium Cb 41 93 1 1950 Ruthenium | Ru 44 | 1017 |2450 
Соррег Cu 29 63 57 1083 Samarium | 8m 62 150 43 1:00-1400 
Dysprosium Dy 66 162 46 Scandium | Ке 21 45 10 1200? 
Erbium Er 68 167 61 Selenium Se 34 78 96 217 
Europium Eu 63 152 0 Silicon | Si 14 28 06 1420 
Fluorine E 9 19 00 —187 Silver | Ag 47 107 880 | 960.5 
Gadolinium id 64 157 3 Sodium Na 11 22 997 | 97.5 
Gallium Ga 31 69 72 301 Strontium Хг 38 87 63 | 900 
Germanium Ge 32 72 60 958 Sulfur S 16 | 3206 112.8 
Gold Au 79 2 1063 Tantalum Ta 73 |1814 | 2910 
Hafnium Hí 72 Tellurium Te 52 | 12761 158 
Helium He 2 1002 |—2688 B.P ||Terbium | Tb 65 |1592 j 
Holmium Ho 67 163 5 у Thallium TI 81 204 39 301.7 
Hydrogen H 1 0078 | —259 Thorium Th 90 | 232 12 | 1700 
Indium In ЫШ Т 155 Thulium | Tm 69 | 169 4 Fax, себуй 
Iodine I 53 113.5 Tin Хп 50 118 70 | 2319 
Iridium Ir 77 К 2360 Titanium Ti 22 | 47.90 1800? 
Tron Fe 26 1530 Tungsten У 74 184 0 3400 
Krypton Kr 36 — 169 Uranium € 92 | 23814 | near Mo 
| Lanthanum La | 57 810 Vanadium у 23 | 5095 | 1740 
Lead Pb 82 207 22 327 Xenon Xe 54 11313 —140 
Lithium Li 3 б 940 | 186 Ytterbium i Yb 7 | 173 04 d 
Luthecium Та 71 175 0 Yttrium Y 39 | 8892 1490 
Magnesium Mg 12 24 32 651 Zine Zn 30 65 38 | 4194 
Manganese | Mn 25 54 93 1230 Zirconium Zr 40 | 9122 | 2350 
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То Compute the Weight of Cast Мага by ihe Weight 
of the Райетп- When made of pine—Multiply the 
weight of the pattern in pounds by the following: 


multipliers and ibe product will be the weight 
of casting: Поп, 14 pounds to the pound of pat- 
tern: Brass, 152 Тачи. 222 Tin; Hz Zine. 12.2 
pounds. 
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Weight per Inch 


Of round bars of carbon and high speed steel in pounds per linear inch. 


Weight of Bar Weight of Bar | Weight of Bar 
One Inch Long One Inch Long One Inch Long 


Diam. 
High 
Carbon good 
Steel Steel 































Diam. 
of Bar 
Inches 





of Bar 
Inches | Carbon 





Steel 

1.88 5.15 5.798 
1.39 5.28 | 5.940 
1.46 5.42 | 6.097 







5.56 | 6.255 
5.70 | 6.412 
5.84 | 6.570 
5.08 | 6.727 
6.13 | 6.896 












1.92 6.27 | 7.053 
2.00 6.42 | 7.222 
2.08 6.57 | 7.391 





7.560 
7.740 
7.908 


сіло бо а 








; 6.72 

: 6.88 

: 7.03 

2.44 7.19 | 8.088 
2.53 7.35 | 8.208 
2.63 7.51 8.448 
2.72 ° 7.67 | 8.628 
2.82 А 7.84 | 8.820 
2.92 .285 8.00 | 9.000 
3.02 897 8.34 | 9.882 
3.18 5 8.68 | 9.765 
3.23 .63: 9.03 | 10.16 
3.34 157 9.39 | 10.56 
3.45 8 9.76 | 10.98 
3.56 \ 10.1 11.36 
3.67 Л 10.5 11.81 
3.78 .25 10.9 12.26 
3.90 "s 11.3 12.71 
4.01 .5 11.7 13.16 
4.13 3 12.1 13.61 
4.25 3 12.5 14 06 
4.38 .92 12.9 14.51 
4.50 5 13.3 14.96 
4.63 .2 13.8 15.52 
4,75 : 14.3 16.08 
4.88 5.490 

5.01 











Й PER CUBIC FOOT anth, 16686» весенние 94 
Pine, yelloWua ныз аалда 34 Marble, Каћап................... 169 
Pine, whites: i крач ккк tisi perso oan а 34 Marble, Vermont................. 165 
АВН сав Ыз Gu Goines шу жа wan dos aul’ ӘӘ). МОКРА cana. oe Sewn СУ ан pu 110 
Oak, white, йгу................... Dir MU Ыл «cig scade reci el erint eh 102 







Pop пре A eb Od 29. “Water, salts Аскын тзт н кенда мы Я 64 
————— PS 33 ‘Water; rains шу; usi riori mm s wr) є 69 
ЛЛК Г Г ГГ 4l Тее а адор ТЕКТЕГІ ТА. 
зір ы быз 31 “Нау, Баїваӣ,. „асаан me ee ӘӘ 

ku Shed ae clas famed goa а 158 Нау, ргеввей..................... 25 

лес КАМ рн 198. Соа1,1/у'а....................... 50 

о банана к ма E E а ЕЛ ЕЧ e 102 Coal; Lehigh... ....:e ee 56 
"Ee 120 1 gal. kerosene, about 626 lbs. 
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INFORMATION FOR USE OF WEIGHT TABLES 


Rinás—To obtain the weight of a ring, subtract the weight per inch of the 
inside diameter from the weight per inch of the outside diameter (as obtained 
from the table), and multiply this remainder by the width. 


Example: 


Let О. D.—10" 
I. р.-б" 
Width =3” 
From table 10" =22.20 
6"= 8.00 





14.20 x 3=42.60 lbs. 


Tapers—Add together the weights per inch (as given in table) of the smaller 
diameter, larger diameter and that for the diameter equal to the sum of the smaller 
and larger diameter. 


Then divide this total by 6. ee j T 
Example: 22,20 6 ' 
6" diam. weighs 6)33.76 | 1 
4" diam. weighs - 


(64-4) 10” diam. weighs 5.63 








which multiplied by the length in inches gives the weight of the tapered section, 


To obtain the weights of squares, octagons or hexagons from the table, 
figure as rounds and then multiply the result by the following factors: 


Squares, 1.274; Hexagons, 1.103; Octagons, 1.054; Decagons, 1.034. 


Example:—The weight per inch of a 6" hexagon bar will be:— 


From table 6" = 8.00 
x1.103 


8.824 lbs. per 1” of length. 
The weight table gives the weight per inch of length for the various diameters, 
The weight table is based on one cubic inch of steel weighing 0.283 pounds. 


When weight tables cannot be used, weights must be based on cubic inch 
of steel weighing 0.283 pounds. 
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TABLE FOR ESTIMATING QUANTITY OF NAILS 















Material | Size of Nail Lbs. Required 














1000 Shingles............. 
1000 Тасе, 55525-05. рш ment з кеа. тане ish Т за 





1000 Square Feet Beveled Siding....... 6d 
1000 is 2 Sheathing. i3 8d 





1000 ex x 10d 
1000 “ " Flooring. . 8d 
1000 " bk ЕТТЕ 104 





1000 ^" A 1iStüdding cos neni eos фа 104 











1000 " " Ешггіп ! x 2 in. 10d 
1000 “ " Finished Flooring. рҮ їп 8d to 10d Fin. 
1000 “ Y ІЙ in.... 24 104 Ғіп. 


LONG MEASURE (Measures of Leng‘h) 
Feet Yards Tathoms Reds Furlong Mile 


1614 284 = 1 

660 3 40 

= 5280 - 7 880 = 320 
1 Nautical Mile or Knot. 





Lbs. Lbs. Lbs. Lbs. Lbs. 
Үр 2.50 2.34 2.55 2.89 ae 3.71 
% 5.00 4.69 5.10 5.79 5.26 7.41 
% 7.50 7.03 7.65 8.68 7.89 11.1 
М 10.0 9.38 10.2 11.6 10.5 14.8 
% 12,5 11.7 12.8 14.5 13.2 18.5 
34 15.0 14.1 15.3 17.4 15.8 22.2 
"б 17.5 16.4 17.9 20.3 18.4 25.9 
% 20.0 18.7 20.4 23.2 21.1 29.7 


Approximate Weight and Strength of Cordage 










Weight of Weight of 
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Circum- Diameter 100 fathoms 100 fathoms Strength of . 

ference in in of 600 feet 'Tarred New Ropes No. of feet in 1 Ib. 
inches inches in lbs. in lbs. in lbs. 

6 thd. віп. 12 17 540 50 feet 

9 X M 18 24 780 

12 ү к’ 24 34 1000 2: 

15 МУ Fi 30 45 20 
ішіп 37 50 17 
1 46 55 13 “ 
134 ' 65 85 9° 
2 Pi 80 100 7. 
214 ~ 95 125 Led 
2%" 120 155 at 
234 " 142 190 4" 3 
3 = 170 225 3" 6 
31, 7 200 265 2” 
3 кы 230 300 D fe М 
3%“ 271 350 2 3 
қ 310 405 1" 11 
ty 346 455 д” 8 
4%" 390 510 p 6 
зи“ 435 575 f 5 
5 Ai 480 640 1 3 
5y 581 775 p 
оз 678 930 








Note that strength is given for new горе. For safe working should be divided by 10. 
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WEIGHT OF CASTING OF DIFFERENT METALS PER POUND 
OF WOOD PATTERN 


Cast Iron Copper Gun Metal Yell Brass Zine Aluminum 


Mahogany....... 8 lb. 10 16. 10 lb. 9.8 Ib. 8 №. 3 Ib. 
White pine....... 14 “ IS ~“ 17.8 “ 17,5 “ 14.5 “ 6 “ 
Yellow pine...... ja '" 16 “ Ip 4 155 Я 12:6 “ 5.5 Я 
`Седаг........... 11.5 “ 14.5 “ 14.5 “ 14 “ 11.4 5 46 “ 
Maple........... 2020“ 125" 12.4 “ 12 “ 9.8 “ 4.2 “ 
Cherry.......... % s 12; ~ 12 =“ тыр 9.4 “ 4 €t" 


SHRINKAGE OF CASTINGS PER FOOT — Yellow brass, 1%; gun metal, 94; 
copper, Мб; zinc, 5%; cast iron, Уб; aluminum, 76; lead, 5%. In thin brass = 3% in. 

In large cylinders = 3% in. In small cylinders = іп. In tin = Міп 

In bismuth = $% in. In beams and girders = Шо in. In steel = М in. 


ESTIMATING WEIGHTS OF DIFFERENT METALS IN CUBIC INCH 
AND CUBIC FOOT FOR FOUNDRY 


METALS WEIGHT PER CU. IN. WEIGHT PER CU. FT. 
Iron .263 Ibs. 451 Ibs. 
Steel .288 lbs. 499 lbs. 
Brass З lbs. 524 lbs. 
Lead 41 Ibs. 708 lbs. 
Copper .32 lbs. 537lbs. 
Tin .266 lbs. 451 lbs. 


For a rough approximation, weighing the pattern and multiplying its weight in pounds 
by 16 is of course the easiest and quickest way and is the one most used by foundry 
men in estimating the amount of iron to be melted for a heat or a certain casting. The 
following constants may be used as multipliers for the metals named when cast: 


WEIGHT OF WOOD PER FOOT 


The weights in pounds, of various kinds of woods (commercially known as “dry” 
timber), per foot-board measure as follows: White Pine, 1.98; Spanish Mahogany, 4.42; 
Honduras Mahogany; 3; Poplar, 3.25; Washington Fir, 2.65; Cedar, 1.93; California 
Spruce, 2.08; Cherry, 3.5; Maple, 4.08. 
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TEMPERING LIQUID 


Saltpetre. гака; ваз азів 2 ounces 
. и n Sal-ammoniac............... 2 ounces 
Use Kerosene Oil (coal oil) for drilling or Alum...................... 2 ounces 
; lumi . ЗА scrapers (әде ден cerita seed aus bo 12% pounds 
tuming SHARIR Soft Water сора ии акыр 3 gallons 
Never heat over cherry red. Draw no 
temper. А 
+ 
AVOIRDUPOIS OR COMMERCIAL WEIGHT 
1 gross or long ton = 2240 pounds. 1 pound = 16 ounces = 7000 grains. 
1 net or short {оп = 2000 pounds. 1 ounce = 16 drachms = 437.5 grains. 


The following measures for weight are now seldom used in the United States: 
1 hundred-weight = 4 quarters = 112 pounds (1 gross or long ton = 20 hundred- 
weights); 1 quarter = 28 pounds; 1 stone = 14 pounds; 1 quintal = 100 pounds: 


CIRCULAR AND ANGULAR MEASURE APOTHECARIES' WEIGHT 


^ ; 
60 seconds (4) = 1 minute () 20 grains (gr.) 1 scruple (sc., or ). 


; ы 3 scruples = ] dram (dr., or 5). 
60 minutes = 1 degree (2) 8 drams = 1 ounce (02., or $). 

360 degrees = 1 circumference (C) 12очпсев = 1 pound (lb., or №). 
WEIGHT PER BUSHEL OF DIFFERENT GRAINS, EIC. 
Вагјеу...................... 48 pounds Flax Ѕееа.................... 56 pounds 
Вейи аа dod ah Perg rai 63 pounds Hemp Ѕееа.................. 48 pounds 
Buckwheat. caeca ramos 46 pounds ОВЕ ced x scorn ааваа нал a 32 pounds 
Blue Grass Зее4.............. l£pounds рбай, 2 0m ons isu кіно 64 pounds 
OI паузі азғалар ан pounds Ву волевое 56 pounds 
Corn Меа1................... DO pounds Salles ane csetera 80 pounds 
Clover Зеба. одане а а mete 60 pounds ‘Timothy Ѕеей................ 45 pounds: 
Dried Applesiscssiemsos nave ce 1020 PONAS Whe dts s.s eoe ко €0 pounds 
Dried Peaches................ 33 pounds Potatoes (heaped)............ 60 pounds 
MISCELLANEOUS UNITS OF LENGTH 

l-mil = 0.001 inch 1-pole (British) = 5.5 yards 

I-hand = 4 inches 1-British fathom = 6.08 feet 

l-span = 9 inches l-toise = 6 Paris feet 

лөт = 6 feet 1-Paris foot (pied) = 12 Paris inches 
-link = 0.66 feet A is РУТ 

Та. «95 links 12-Paris inches = 0.324839 meter 


1-Зигуеуог' or Gunter’s chain = 100 feet | l-Parisline (ligne) = 0.225583 centimeter 
l-knot (nautical mile) = 1.1516 statute | l-Light year = 5.9 x 1012 miles 

miles l-point (type size) — 1/72 or 0.08333 inch 
1-furlong = 40 rods l-cubit = 18 inches 


MEASURES OF PRESSURE 


1 pound per square inch = 144 pounds per square foot = 0.068 atmosphere = 
2.042 inches of mercury at 62 degrees F. — 27.7 inches of water at 62 degrees F. — 2.31 
feet of water at 62 degrees F. 

latmosphere — 30 inches of mercury at 62 degrees F. — 14.7 poundg per square 
inch — 2116.3 pounds per square foot — 33.95 feet of water at 62 degrees F. 

1 foot of water at 62 degrees К. = 62.355 pounds per square foot = 0.433 pound 
per square inch. 

1 inch of mercury at 62 degrees F. = 1.132 foot of water = 13.58 inches of water = 
0.491 pound per square inch. 


TROY WEIGHT, USED FOR WEIGHING GOLD AND SILVER 
1 pound = 12 ounces = 5760 grains. 
lounce = 20 pennyweights = 480 grains. 
1 pennyweight = 24 grains. 
1 carat (used in weighing diamonds) = 3.086 grains. 
1 grain Troy = 1 grain avoirdupois = 1 grain apothecaries’ weight. 
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NAUTICAL MEASURE 

The following measures of length are also used occasionally: 1 mil equals 0.001 inch. 
1 fathom equals 2 yards equals 6 feet. 1 rod equals 5.5 yards equals 16.5 feet. 1 hand 
equals 4 inches. 1 span equals 9 inches. 1 mile equals 1760 yards equals 5280 feet. 1 league 
equals 3 nautical miles. 1 nautical mile (knot) equals 6080.26 feet equals 1.1516 statute 
mile. One degree at the equator equals 60 nautical miles equals 69.168 statute miles. 
360 degrees equals 21,600 nautical miles equals 24,874.5 statute miles equal cireumference 
of earth at the eauator. 


MEASURE USED FOR DIAMETERS AND AREAS OF ELECTRIC WIRES 
1 circular inch = area of circle 1 inch in diameter = 0.7854 square inch. 
1 circular inch = 1,000,000 circular mils. 
lsquare inch — 1.2732 circular inch — 1,273,239 circular mils. 
А circular mil is the area of a circle 0.001 inch in diameter. 

SHIPPING MEASURE 

For measuring entire internal capacity of a vessel: 

l register ton — 100 cubic feet. 
For measurement of cargo: 

1 U. S. shipping ton = 40 cubic feet = 32.143 С. S. bushels = 31.16 Imperial 


bushels. 
British shipping ton — 42 cubic feet — 33.75 U. S. bushels — 32.72 Imperial bushels. 
CUBIC MEASURE SURVEYORS' MEASURE 

1,728 cubic in. = 1 cu. ft. 1 Link = 7.92 inches 
27 cubic ft. = 1 cubic yard 1 Rod (or Pole) = 25 links = 16% feet 
128 cu. ft. = 1 cord (wood) 1 Chain = 100 links = 4 rods = 66 feet 
40 cu. ft. = I ton (shpg.) 1 Furlong = 40 rods = 10 chains = У mile 
2,150.42 cubic inches = 1 standard bushel 1 Mile = 320 rods = 5,280 feet 
268.8 cubic inches = 1 standard gallon 1 Acre = 160 square rods = 43,560 sq. feet 


1 cubic foot = about four-fifths of а bushel 1 Square Mile = 640 acres 
1 cord of wood = 4 X 4 X 8 feet = 128 cubic feet. 
1 perch of masonry = 16145 X 126 X 1 foot = 2434 cubic feet. 
SQUARE MEASURE 
1 square mile = 640 acres = 6400 square chains. 
1 acre = 10 square chains = 4840 square yards = 43,560 square feet. 
1 square chain = 16 square rods = 484 square yards = 4356 square feet. 
1 square rod = 30.25 square yards = 272.25 square feet = 625 square links. 
1 square yard = 9 square feet. 
1 square foot = 144 square inches. 
An acre is equal to a square, the side of which is 208.7 feet. 
DRY MEASURE . 
1 bushel (U. S. or Winchester struck bushel) = 1.2445 cubic foot = 2150.42 cubic 
inches. 
1 bushel = 4 pecks = 32 quarts = 64 pints 
l peck = 8 quarts = 16 pints. 
1 quart = 2 pints. 
1 heaped bushel = 114 struck bushel. 
1 cubic foot = 0.8036 struck bushel. 
1 British Imperial bushel = 8 Imperial gallons = 1.2837 cubic foot = 2218.19 
cubic inches. 


LIQUID OR WINE MEASURE 1 
Тһе U. S. Standard Gallon measures 231 Cubic Inches, or 8.33888 Pounds avoir- 
dupois of pure water, at about 39.85 degrees Fahr., the Barometer at 30 inches. 


Hogs- Punch- Cubic 

Gills Pints Quarts Gallons Tierces heads cons Pipes Тип Inches 

4 = 1 = 28.375 
1344 = 336 = 168 = 42 = 1 
2016 = 504 = 252 = 6 = 14% = 1 
2488 = 672 = 336= 84 = 2 = 18 = 1 
4032 = 1008 = 504 = 196 = 3 =2 = 1% = 1 
8064 = 2016 = 1008 = 252 = 6 =4 = 3 = 2 = 1 


A Cubic Foot contains 716 Gallons. 
The British Imperial Gallon contains 277.27 Cubic inches and — 1.2 U. S. Gallons. 
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APOTHECARIES' MEASURE. 


60 minims (or drops), m = 1 fluid dram, f 3. 
8 fluid drams 1 fluid ounce, f 3. 
16 fluid ounces. 1 pint (octarius), O 


ВРВ еее тынан ripetere элне ОБЬ мел енеден dese — 1 gallon (congius). 





| CLOTH MEASURE. 
DEI uie sides ачен кешине = 1 nail, na. 






















5 qr. — 45 inches = 1 ell English. 
4na.— 9 inches.. = l quarter, gr. | 6 qr. = 54 inches.. 1 ell па 
| = 1 yard, yd. | 37.2 іп. oaa =1еП я 
ET INCHES зс» mas — 1 ell Flemish. | 8800165 
NUMBERS. 
12 units ...... ве ана келй dozens. |19 ТӨШ, оон бета = 1 great gross. 
19 dozens ee esewss erwies esee s == 1 gross. |20 uhita.. «eee eee асное = 1 score. 
PAPER. 
24 sheets .. 1 Quire. |20q,lr68. avs покое Фа Бре = 1 ream. 
TOX*-quireS.. csevsa 3n Ue TER PES = 1 token. 
TIME. 
€0/86G0nd8. «er а» эзи» ›+эж е» = 1 minute. 4 WOES зау старао ваја sis ts = 1 month. 
60 minutes. . 1 hour. 





13 months, 1 day, 6 hours, ог | _ 
3 365 days, б hours у |= 1 Julian year. 
. = 1 week. 12 calendar months .......... = 1 year. 

— 1 fortnight. 


24 hours. . 
1 days... 
2 weeks 


Thelength of the astronomical year ів about 365} days, or 305 days, 5 hours, 48 minutes, 46 sec- 
onds. Аз ће common year із 365 days, it becomes necessary once in every four years to add a 
day to the year, making the leap r of 306 days. 

Every year whose number is divisible by 4 without а remainder is a leap year, excepting the full 
centuries, which to be leap years must be divisible by 400 without a remainder ; 1900, therefore, 
was not a leap year. 

January, March, May, July, August, October, and December contain 31 days. 

April, June, Septeinber, and November dontain 30 days. February contains 28 days, except in 
lenp years, when it contains 29 days. 


































LINEAR MEASURE. The Imperial Standard Measure is used by 
British pharmacists. Its denominations and 
3 barleycorns, ог... | | А their relative value are: . 
13 lines, ог......... \ 1 inch (in.) Gal. Quarts. Pints. Е. Oz. Е. Dr. Minims 
2 points, or.. eo 1 = 4 = X = 160 = 1,280= 76,800 
I. 000 mils pm ) ) 1 9 = 40 = '320= 19.200 
3 inches. I palm © ү = 20 = 160- 9.600 
inches 1 hand ES ac "Un 
lspan г = = 60 
} ee t) Тће relative value of United States Apothe- 
1 yard (yd.) caries’ and British Imperial Measures is аз 
1 military pace follows: А б 
1 geometrical pace Imperial Measure.~ 
1 fathom v. 5; 2.0. а 
al rod, pole, or perch Apothe- з à a Е 
| 1 Gunter's chain И E Br odi £ 
А n . = 
10108, от furlong (fur.) 1 Gallon = .83311 Gallon, or 6 13 2 22.85 
220 уагаз........... 1 Pint S3311 Pint, ог 16 5 17.36 
S furlongs, ог.....- р L El. (92; .04139 КІ. Oz., or 1 0 19.86 
1,760 yards, or. ` 1 mile LFL Dr. = 1.04139 Fl. Dr. ог 1 2.43 
5,250 feet... он» 1 Minim = 1.04139 Minim, or 1.04 
SS DEOS cups sx eade 1 league 
155 15s. trays ns. ne `. = 144 lbs. AVOIRDUPOIS 
= 
THE METRIC SYSTEM. 
MEASURES FOR WOOD. 
1 >з O = 0.01 stere .353 і 9 
1 хізсізете,.%ье4<2%%» е... == 0-1 8беге с. 2... = . 3.53 prr 
ранив байлы dne = 1 cubic meter Қ 35.316 cubic feet. 
à 2159 cord. 
1 дғса-еге................ == 10) iaterestcueves sees eaicosesquace dtm quce: = 13.079 cubic yards. 


(Continuea on top or next page.) 
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| FONG MEASURE Metric Conversion Tables 
Millimeters X .03937 = inche 5 
Millimeters = 254 = inches О. S. to Metric 
entimeters X .3937 = inch 
Centimeters + 2.54 = {сез LINEAR 
Meters = k^ - inches (Act of Congress) 1 inch = 25.4001 millimeters. 
. = t = d = 
Meters 5 1:004 т а 1 foot = 0.304801 meters 
Kilometers X 1621 - miles 1 yard —0.914402 meters. 
Kilometers + 3280.7 = feet 1 mile — 1.60935 kilometers. 
Kilometers + 1.6093 - miles 
SQUARE 
LIQUID: MEASURE 1 square inch = 6.452 square centimeters. 
Liters X 61.022 = cubic inches (Act of Congress) 1 square foot =9.290 square decirneters. 
Liters X 33.84 = fluid ounces (U. S. Phar.) 1 square yard — 0.836 square meters. 
Liters х 2642 = gallons (231 cubic inches) 
Etats = 378 = gallons (231 cubic inches) Совс 
Де е x 20168. = сара КК“ 1 cubic inch = 16.387 cubic centimeters. 
Hectoliters X 2.84 = bushels (2150.42 cubic inches) 1 cubic foot = 0.02832 cubic meters. 
Hectoliters X 431 = cubic yards 1 cubic yard = 0.765 cubic meters. 
Hectoliters + 26.42 = gallons (231 cubic inches) T 
я WEIGHT 
QUARE: MEASURE 1 grain = 64.7989 milligrammes. 
Sanare оран х wa = square inches l avoirdupois ounce = 28.3495 grammes. 
uare millimeters + . = square inches = А ж, 
Square centimeters X .155 = square inches З troy une comme di P5359 kil ven T 
Square centimeters + 6.451 = square inches avoirdupois pound = 0.45359 kilogrammes. 
Square meters X 10.764 = square feet САРАСІТУ 
Square kilometers Х 247.1 = acres М = 5 5 
Hectares х 2.471 = acres fluid drachm =3.70 cubic centimeters. 


Cubic centimeters + 
Cubic centimeters + 
Cubic centimeters + 
Cubic meters х 
Cubic meters х 
Cubic meters x 


Grammes 
Grammes 
Grammes (water) 
Grammes + 
Grammes per cubi 

centimeter 

oule 

ilograms 
Kilograms 
Kilograms 
Kilograms 


b 9,0,4 


х+ххх+? 


Metric Denominations and Values 


Names 
Kiloliter 
Hectoliter 
Decaliter 
Liter 
Deciliter 
Centiliter 
Milliliter 


CUBIC MEASURE 

























fluid ounce = 29.57 milliliters. 

quart — 0.94636 liters. 

gallon = 3.78511 liters. 
Metric to U. S. 


LINEAR 


et et pa 


1 meter = 39.3700 inches. 
16.383 = cubic inches 1 meter = 3.28083 feet. 
59 = fluid drachms (U. S. Р.) 1 meter = 1.09361 yards. 
35315 1 Ч ounce (U.S. P) |] kilometer = 0.62137 miles. 
s = cubic yards SQUARE 
264.2 = gallons (231 cubic inch г $ 
en | square centimeter = 0.1550 square inches. 
1 square meter = 10.7610 square fect. 
1 square meter = 1.196 square yards. 
Cusic 
1 cubic centimeter = 0.0610 cubic inches. 
WEIGHTS 1 cubic meter =35.314 cubic feet. 
РАИ 1 cubic meter = 1.308 cubic yards. 
981. = dynes WEIGHT 
29.57 = fluid ounces | 1 milli =0.01543 "ws 
2835 æ Тара milligramme = 0.01543 grains. 
РОТЕ € 1 kilogramme = 15432.36 grains. 
any = ponude per cubic inch 1 hectogramme =3.5274 avoirdupois ounces. 
ЖЫ; = SM а 1 kilogramme = 2.20462 avoirdupois pounds. 
35.3 = ounces avoirdupois 
1102.3 - tons (2,000 pounds) Capacity 


‚ per square centimeter 14.223 = 


1 milliliter =0.27 fluid drachms. 
1 centiliter = 0.338 fluid ounces. 
1 liter = 1.0567 quarts. 

1 dekaliter = 2.6417 gallons. 







pounds per square inch 





MEASURES OF CAPACITY 


Equivalents in Denominations in use 


No. Liters Cubic Measure Dry Measure Wine Measure 

- 1,000 = 1 cubic meter - 1.308 cubic yards - 264.17 gallon: 
- 100 = .1 cubic meter - 2 bush. 3.35 pecks - 26.417 gallons 
- 10 = 10 c.decimeters = 9.08 quarts - 2.6417 gallons 
- 1 - 1 с. decimeter = 0.908 quart - 1.0567 quarts 
- зі - 11 c. decimeter = 6.1022 cubic inches = 0.845 gill 

- .01 = 10 c.centimeters = 0.6102 cubic inch = 0.338 fluid oz. 
- .001 = 1 c. centimeter = 0.061 cubic inch - 0.27 fluid dr. 
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Miscellaneous Metric System 


1 kilogram per meter = .6720 pounds per foot. 
1 gram per square millimeter = 1.422 pounds per square inch. 
1 kilogram per square meter = 0.2084 pounds per square foot. 
1 kilogram per cubic meter = .0624 pounds per cubic foot. 
1 degree centigrade = 1.8 degrees Fahrenheit. 
1 pound per foot = 1.488 kilograms per meter. 
1 pound per square foot = 4.882 kilograms per square meter. 
1 pound per cubic foot = 16.02 kilograms per cubic meter. 
1 degree Fahrenheit = .5556 degrees centigrade. | | 
1 Calorie (French Thermal Unit) = 3.968 B. T. U. (British Thermal Unit). 
1 Horse Power = {33,000 foot pounds per minute. 
1746 Watts. 
1 Watt (Unit of Electrical Power) — .00134 Horse Power. 
44.22 foot pounds per minute. 
1000 Watts. 


] Kilowatt | 1.34 Horse Power 


14,220 foot pounds per minute. 


STRENGTH OF MATERIALS 


Ultimate Strength of Common Metals: Pounds Per Square Inch 





Material 


Aluminum 

Brass, cast 

Bronze, gun-metal. 

Bronze, manganese 

Bronze, phosphor 

Copper, cast. . 

Copper Wire, annealed. 

Copper Wire, unannealed. . 

Iron, cast 

Iron Wire, annealed 

Iron Wire, unannealed 

Iron, wrought 

Lead, cast. . 2,000 
Steel Castings. .... к ТТТ ТТТ 70,000 
Steel, structural 60,000 
Steel Wire, annealed 

Steel Wire, unannealed 

Steel Wire, crucible 

Steel Wire, plow 

Steel Wire, susp. bridge.... 

Steel Wire, piano 

Tin, cast 

Zinc, cast 


Average Strength cf Common Materials Other Than Metals 


Bricks, best hard 
Bricks, light red 

Brickwork, common 

Brickwork, best 

Cement, Portland, one month old 
Cement, Portland, one year old 
Concrete, Portland. 

Concrete, Portland, one year old 
Hemlock 

Pine, short leaf yellow 

Pine, Georgia 

Pine, White 

White Oak 





Factors of Safety 


| from Zero from Zero Suddenly 
Material Steady | to Maximum | to Maximum Varying Dosds 
in one in both and Shocks 
Direction Directions 


Cast Iron 
Wrought Iron 
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Comparative Strength of Timber and Cast Iron 


Table showing the transverse strength of timber and of cast iron one foot 
long and one inch square. 





; Breaking Weight Borne 
Material. Weight, lbs. |with Safety, lbs. 
Ash, зеазопей............................ 175 1 
Chestnut, зеазопей....................... 170 115 
Hickory, ѕеаѕопей. ....................... 270 200 
White Oak, зеаѕопей...................... 240 196 
White Pine, веазопей..................... 135 95 
Yellow Pine, ѕвеаѕопей..................... 150 100 
ТОП. (САВЕ) „ас песо ле t DL rere 5,781 4,000 


CARPENTER'S RULES 


ROOF FRAMING 


Definition of Terms.—The ''gable" is the triangular end of a 
common double-roofed building. By the "ріїсь" of a roof 
is meant the relation which the height of the ridge above the 
level of the roof-plates bears to the span, or the distance 
between the studs on which the roof rests. Thus a roof that is 
one-half as high as the width of the building is ‘‘half-pitch,” one 
that 1s one-fourth as high as the width is ''quarter-pitch,"' etc. 

The following illustration from Hodgson’s ‘‘Practical Treatise 
on the Steel Square," not only shows the most common 
pitches, but also gives the degrees: 

“Most carpenters,” 
says Mr. Hodgson, 
“know that half- 
pitch is 45 degrees, 
yet fow know third- 
pitch is nearly 34, and 
quarter - pitch about 
27 degrees. 

“A building 24 feet 
wide (as the rafters 
come to the center) 
has a 12-foot run and 
half - pitch, the rise 
would also be 12 feet, 
and the length of the 
rafter would be 17 
feet (the diagonal of 
19). Length, cuts, 
etc., could all be figured from the one illustration.” 

The Length of Rafters for the most common pitches can be 
found as follows from any given span: 

If 1 pitch,multiply span by .559, or 7-12 nearly. 
Hio" i “ » 6 ,or3-5 





If “ “ te u .625, ог # es 
If » БЫ е мы 1, 0570 -— 
If H “ “ “ “ 8 Ў ог 4-5 “ 


If full “ й « 4112 р =" РГ 
To lengths thus obtained must be added amount of projection 


of rafters at the eaves. Continued on next page 
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CARPENTER'S RULES 


Asrafters must be purchased of even lengths, & few inches 
more or less on their lengths will make a difference to the 
pitch so slight that it cannot be detected by the eye. 

Example.—To determine the length of rafters for a roof 
constructed one-half pitch, with a span of 24 feet—24x.71= 
17.04; or, practically, just 17 feet. A projection of one foot 
for eaves makes the length to be purchased 18 feet. 


How to Find Bevels and Length of Rafters 


он рой. 
How to Find the Length and Bevels of Rafters. 


1. Bevels.—Place your steel square on a board (say the 
building is 40 feet long), with the corner 20 inches from the 
edge of the board one way and 7 inches the other, and mark it 
as shown in the above figure. The angle at c will be the bevel 
of the upper end, and the angle at d at the lower end of the 
rafter. 

2. Length.—From а to b on the outer edge of the board is 
the length of the rafter. The 20 inches shows the 20 feet, ог 
half the width of the building; the 7 inches the 7 foot rise. The 
distance from а to b, on the edge of the board, is 21 inches, 
two-twelfths and one-quarter of a twelfth (always use a square 
with inches on one side divided into twelfths), therefore this 
rafter will be 21 feet and 21 inches long. 


How to Determine Curves for Brick and Stone Arches 


Measure width required an4 
draw the figure above in- 
dicated. If the points in the 
figures are equal on both sides, 
the curve will be an exact 
part of a circle. 





To Find the Area of à Gable End 


Multiply the width of the building by the height of the roof, 
and take one-half of the result. Or, if the roof is quarter- 
pitch, find the area by multiplying the width of the roof by 3 of 
itself. 


Table for Finding the Contents of Square Tanks 


A tank five feet by, буе feet holds .............. 6 barrels. 
A tank six feet by six feet holds. . . „ээ Жү 75 

А tank seven feet by seven feet holds . 114 
А tank eight feet by eight feet holds . ... 151 
A tank nine feet by nine feet holds ............. 195 
A tank ten feet by ten feet holds ............... 231 


Тће above table is for one foot of depth only. 
To find the contents of а trough, measure its depth in feet and 
multiply it by the contents of one foot in depth. 
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THE PISTON RING Е 


The pistons, which receive the force of the explosion and expansion and transmit the motion to the 
connecting rod and crank, are commonly made of soft gray cast iron, although some pistons of aluminum 
and also of an aluminum alloy called lynite are being used. 








Тће aluminum and alloy pistons have the advantage of being light, and it is also claimed that they 
radiate heat much faster than cast iron. Being lighter than cast iron, the aluminum or alloy piston is easier 
to move up and down in the cylinder. 


"Те expansion of these pistons is more than for cast iron and, consequently, a greater clearance must 
be provided when they are being fitted to the cylinders. The pistons are turned and ground so that they 
will be а few thousandths of an inch smaller in diameter than the cylinder in order that there will bea good 
sliding fit without undue friction. The pistons are made gas-tight by means of cast iron piston rings placed 
in grooves around the body of the piston. Ordinarily, three rings, placed in the piston above the wrist 

in, are used. In some cases an oil groove is also cut in the piston below the rings to improve the lubrication 
between the piston and the cylinder walls. 


Piston rings are of two general types, the concentric and eccentric; the concentric rings are of uniform 
thickness, while the eccentric rings are considerably thicker on the side opposite the opening. It is impos- 
sible with a concentric ring to get a uniform bearing pressure between ring and cylinder wall, but with an 
eccentric ring, this is accomplished. In addition to these types, of one-piece rings, numerous patented and 
(У0-ріесе rings һауе been devised so as to get the advantages both of the concentric and eccentric types. 


The pistons used in automobile engines are of the trunk type, explosions taking place on one end only. 
The other end is open and allows for the movement of the connecting rod. The length of the piston is 
usually 114 times the diameter. The head of the piston is commonly made flat, although occasionally 
pistons with slightly concave or convex heads are used. 


PISTON RING-GAP CLEARANCE 


The average ring-gap clearance, ог the distance between the end of a gap-cut ring, should be .0015" 
(114-thousandths) to .002” for each inch in diameter of the cylinder. Some of the manufacturers advise 
.003” clearance for each inch diameter of the cylinder. 


The following gap clearance table below can be followed: 





D^ 108% влив зчовббябя 10007 
3" со 3%” еее San dri .007^ 
3V$" to 4” RETTET в бн .008^ 
4* КОЛИ t. uus РР cos „ 009” 


S. A. E. DEPTH AND WIDTH OF RING-GROOVE 


Depth of Width of 
Groove Groove 





THE CONSTRUCTION OF THE PISTON 


The Construction of a Piston Used in a Gasoline Engine 


It is a single acting, or trunk, kind. Made of Cast Iron, and turned to a good working fit in the cylinder. 
Near the upper end three or four grooves are cut entirely around its outer circumference, and in these 
grooves the packing rings are sprung. The displacement of the piston is the volume swept out by the 
piston. It equals area of piston multiplied by length of stroke. The govern length of a piston when design- 
ing one is, for verticle cy!inder, piston length should not be less than its diameter; and for horizontal cylinder, 
piston length should be never less than one and one-third diameter. 


The law that governs the velocity or speed of a piston in an explosive motor. The velocity of a piston 
must be considerably less than the rate of combustion of the explosive mixture, in order that the motor 
may produce power. The estimated speed limit, or piston velocity, is between 14 and 16 feet per second. 


The right kind of material for the contact points of the vibrator of an induction coil is platinum. 
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Mechanical Adjustments 


General Maintenance— Besides the three 


important maintenance duties, 


Oiling, Cooling and Fueling, there are a number of simple mechanical adjustments the 
average operator should understand. and make as occasions arise to avoid serious delays. 
Many times it is desirable merely to recognize the need of them, and have the work done 
by an experienced mechanic, but even then some rules of procedure will save time and ex- 


pense. 


Valves and Valve Timing. 
Bearings. 


THE VALVE MECHANISM 


* * Testing Valves— To secure the best 
power and economy, and to avoid missing 
and overheating, the valves should always 
seat fully, and hold a charge so that the 
hand crank will bounce back or "rock" as 
the engine is turned over. If the engine 
fails to offer added resistance to the crank 
on the compression stroke, the leakage can 
generally be heard as a hiss. If it comes most 
distinctly through the carburetor, the intake 
valve is leaking; through the exhaust, the 
exhaust valve is leaking or if most distinctly 
through the breather, the leak is past the 
piston and rings. Leaks at the spark plugs 
and petcocks can be seen while the engine is 


running. If any of the valves leak, they 
should all be inspected and reground. 
% Removing Valves—It is always 


necessary to remove the cylinder head to 
take the valves out, and if care is used, 
injury to the cylinder head gasket will be 
avoided and a new one will not be re- 
quired. The head can generally be loosened 
by cranking the engine after the hold-down 
nuts have been removed. 


Valve Tappets—By examination of 
the individual engine the workman can de- 
termined whether it is easier to remove the 
tappets or merely screw down the adjusting 
screw to give clearance for valve grinding. 
Either way will afford suitable working 
conditions. 


Valve Spring Retainers—The end 
of each valve stem is fitted with a shallow 
steel cup that surrounds the end of the 
valve spring, and is held to the stem either 





М” 
«8, IQ 


“Sp 


Fig. 1--Standard Types of Valve Retainers 
and Locks 
P—Spring retainer lock. 


S—Valve spring. V— 
Lower end of valve stem. 


W—Spring retainer cup. 


This part of the book, therefore, treats of adjustments to: 


Governors. 
Accessories. 


by a small horse shoe lock, a pair of wedge 
blocks or a thread and locking pin. The 
locking device must be removed before the 
valve can be withdrawn, and it is advisable 
to stuff rags beneath the valve stems to 
prevent these small pieces from falling into 
the engine or dropping out and becoming 
lost. To release the 1оск from the recess in 
the spring retainer, із only necessary to 
pry the retainer up against the spring pres- 
sure far enough to push the horse shoe to 
one side, or let the wedge blocks fall away 
from the valve stem; with the screw type 
retainer withdraw the pin from the valve 
stem, and unscrew the retainer nut. 

* Examine Valve Seat—Upon re- 
moving each valve, clean it thoroughly, and 
remove all carbon and burned oil. Carefully 
inspect the valve and valve seat for deep 
pits or shoulders that must be machined off 
before grinding begins. Ну-Ромг Engines 
have ‘‘shrouded”’ intake valves so that the 
valve is counter-sunk into the seat. This 
shoulder must not be removed. (See tabu- 
lated data.: 

Grinding Equipment--To facili- 
tate the grinding a light spring should be 
slipped on the valve stem which will serve 
to lift the valve off the seat when changing 
its grinding position. Any good commercial 
grinding cómpound may be used provided it 
is not too coarse. 

- Grinding the Valves—Apply the 
grinding compound зраппрју around the en- 
tire valve seat, slip the light lifting spring 
over the stem, lubricate the stem. and drop 
the valve into its original place in the cyl- 
inder block. The spring should just barely 
hold the valve off its seat. Exhaust valves 
can be identified from the intake valves by 
the number of grinding tool recesses in the 
top face. Exhaust valves have four recesses 
while intake valves have but two. 
Oscillating Motion — Place the 


МУ grinding tool in the two holes in the head of 


the valve to be ground. Press down until the 
valve is seated. Turn the valve a quarter 
turn, first in one direction, then in the other 
Do this three. or four times. Release the 
pressure on the valve, and the little spring 
will lift it off its seat. Now turn the valve 
about 10 or 15 degrees to another position. 
and repeat the grinding. Do this until all 
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the compound is rubbed off the valve seat. 
Withdraw the valve, and put on some fresh 
compound. Repeat the grinding operation. 
* * * Don't Over-Do the Grinding — 
Clean the valve and its seat occasionally to 
see how the grinding is progressing. When 
all pits and grooves have. disappeared, place 
eight or ten equally spaced marks with a 
soft lead pencil on the cieaned face of the 
valve seat. Then drop the valve in place, 
give it a quarter turn. and remove it. A 
perfect seat will be indicated if every pencil 
mark shows where the valve has rubbed it. 
If any pencil marks are left untouched, 
continue the grinding. When the grinding 
is completed, oil the valve stem, clean all 
traces of the grinding compound from 
the valve chamber and cylincer walls in the 
combustion chamber, and re-assemble гасі 
valve in its proper port. 

• * * Don't Forget Tappei Clearance— 
Refer to Tabulated Data, Figure for the 
proper valve tappet clearance. This must 
be right to avoid valve burning. 

. + + Never attempt to adjuzt the tap- 
pets w'thout first releasing the lcck nut. 


672. Da not use heavy wrenches on 
the valve tappet adjusting nuts as they 
are apt to break the tappet. 


VALVE TIMING 


* + * How to Check the Valve Timing-- 
Although the flywheel is marked +o indicate 
the valve timing for No. 1 cylinder, and the 
gears are marked to insure that the camshaft 
is in correct relation to the crankshaft, it 
гаау бе necessary on some occasion to check 
the valve timing. The easiest way with an 
L-head engine is by measuring the piston 
travei frora top dead center at various valve 
positions The valve-in-head engines must 
be checked by the marks on the flywheel 
and on the timing gears. 





Бір. 2. —Measuring for Dimension “А” 


S—Scale’ measuring from top of piston co top 
dead center position. 


* * * Remove Cylinder | Head —Before 
taking any measurements be sure the ех- 


haust valve tappet clearance is as specified 
in the Tabulated Data, Figure otherwise 
the timing cannot be correctly set. Rotate the 
mushroom type tappets when checking the 
clearance to make sure there are no high 
spots. Now with the cylinder head off, 
measure the distance the piston of No. ! 
cylinder has traveled down when the ex- 
haust valve just starts to open. This dis- 
tance corresponds to Dimension ''A" in the 
Tabulated Data, Figure This can be 
measured directly with a steel scale “5” 
as shown in Figure 14. Don't forget it is 
the MOVEMENT that must be тесе- 
ured. 


LP" 


Check Tappet Clearance—Having 
checked the opening of the exhaust valve for 
No. 1 cylinder, it is unnecessary to check 
the relative setting of the camshaft and 
crankshaft for any other valves as the cams 
are all forged integral with the shaft, although 
the tappet clearance of each valve should 
be carefully checked and set. 





Fig. 3. — Typical Cylinder Head Layout 


The order in which cylinder head nuts should be 
tightened is shown by consecutive numbering. Pull 


down snugly the first time. Then repeat drawing 
each nut tight. After the engine gets hot tighten 
a third time. 

< * * Replacing Cylinder Head—There 
is a best way to replace cylinder heads that 
should always be followed to prevent trouble 
later. As shown in the typical case illustrated, 
the hold-down studs should be tightened 
in successive stages and in such order as 
will insure even pressure over the entire 
surface of the cylinder head and gasket. 
If the outside nuts are pulled up first instead 
of the center ones, the head will be cocked, 
and the gasket will not fit tight enough to 
prevent burning or blowing out between 
cylinders. Some Hy-Powr Engines have oil- 
seal washers on the hold-down studs which 
pass through the intake ports of the head. Be 
sure that these washers are replaced on the 
proper studs in good condition—otherwise an 
excess of lubricating oil will be drawn into the 
cylinders and wasted. 
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Figure 4— Ensign Gas Carburetor and 
uel Regulator 

A—Idle fuel adjustment. _B—Upper or pilot dia- 
phragm. C—Pilot valve. D—Section passage from 
engine. E—Main fuel supply valve. F—Main 
diaphragm. G—Restricted passage. H—Air choke 
for starting. I—Gas shutter. J—Air intake. K—Gas 
passage. L—Air orifice in choke. М--Саз orifice 
used in choking. N—Adjustment for gas passage. 
O—Main fuel adjustment. P—Choke lever. R— 
Nozzle in atmosphere by-pass to regulator diaphragm. 

S—Atmosphere by-pass to regulator diaphragm. 


BEARING ADJUSTMENT 


. e o 


Taking Up Bearings—lIt is not ad- 
visable for any inexperienced person to at- 
tempt bearing adjustment. However, it is 
necessary for the operator or owner to know 
the symptoms that indicate the need, and 
to be able to tell the mechanic who does the 
work what clearances and tolerances are 
required. 





Figure 5— Testing Connecting Rod Bearings 


А—Рту bar. B—Fulcrum point on саге. C— 
Fingers overlap rod end and crank cheek. D— 
Connecting rod lower end. 


7 Bearing Looseness—lIn general, any 
bearing that is loose will cause an abnormal 
knock that increases with use. The heavier 
the thump, the greater the need for prompt 
attention. Call in the mechanic, have him 
locate the cause of the trouble, and remedy 
both the cause and the trouble itself. 
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* Locating Loose Bearings—A loose 
connecting rod bearing may be located by 
running the engine slowly, and short circuit- 
ing eách spark plug in turn. If any connecting 
rod bearing is loose, the knock will disappear 
when that particular cylinder is cut out. A 
knock in a main bearing is harder to locate, 
and after all other possible causes of the knock 
have been investigated and eliminated, re- 
move the oil pan or inspection plate, and try 
the adjustment of the main bearings. 

° * * Inspecting Main Bearing Caps— 
It is possible to make an inspection of the 
main crankshaft bearing caps one at a time 
without removing the crankshaft. If any 
trouble has been experienced it will be evi- 
dent in the cap. If the bearings are loose, 
but otherwise in good condition, it is possitle 
to take out shims enough to make up for the 
wear which has taken place. It is very im- 
portant when doing this to take the same 
amount out of each of the bearings and each 
of the shims, otherwise the crankshaft will 
be thrown out of line, and even as little as 
a few thousandths of an inch will cause ex- 
cessive friction in the bearings, wear, and 
loss of power. Do not remove so many thick- 
nesses of shims that the caps pinch the shaft 
when the nuts are pulled as tight as possible. 
* * * Bearing Clearances—If it is neces- 
sary to replace the entire bearing in any case, 
the side clearances are important. Con- 
necting rods should have side clearance as 
shown in Tabulated Data, Figure. ; Dimen- 
sion "B." Main crankshaft side clearances 
are also shown in the Data. Dimension “С” 
is the thrust bearing side clearance, while 
Dimension “0” is the side clearance for all 
other crankshaft bearings. 


THE GOVERNOR MECHANISM 


* * * A Protective Device— The governor 
built into Waukesha Engines is designed for 
each particular engine to do two main things 
1—to prevent damage from overspeeding as 
mentioned in the "CAUTION" following 
the guarantee (see page 118 “Хо auto- 
matically maintain constant speeds under 
varying loads while driving. industrial ma- 
chinery. As the life of any machine falls 
off rapidly when it is speeded up beyond 
safe limits, the governor should be kept in 
operation at all times to protect the engine 
against damage and abuse. 

* * * Governor Adjusting— The governor 
is adjusted for the correct speed at the 
factory, and should not be changed to a 
higher speed without consulting the Com- 
pany. The general rules given here apply 
only in those cases where it may be neceasary 
to re-assemble the governor after the mani- 
folds have been taken down or other work 
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Abese — Governor used on Medel 6-LRO. 


Right — Governors used on Models HS, HL, WS, 
WL, WK, WOK, 6-MS, 6-ML, 6-MK, 6-MKR, 
6-М2, 6-MZR, 6-SR8, 6-SRL, 6-SRLR, 6-SRK, 
БРЕ 6-RB, 6-RBR, 6-EL, 6-ЕК, 6-NK, 6-LS, 





Figure 6— Typical Large Engine Governor Mechanisms. 

A—Camshaft gear to which governor weights are attached by pins, В. C—Speed adjusting lever. 
D—Governor operating rod. E—Governor lever. F—Governor lever pin hole. G—Governor weight 
support. н—аоуегпог valve. J—Governor valve shaft mounted on ball bearings. К— реса adjust- 
ing screw. L—Adjustment locking nut. O—Governor spring housing. P—Ball joint. R—Governor 
spring. S—Governor shift plate. T—Governor weights. U—Stop screw to prevent surging. V—Drive 


shaft. 


done which incidentally involves the governor 
mechanism. 

* * * Governor Турег—1п general princi- 
ple, ап Waukesha governors are alike, and 
in all but two or three engines, the general 
arrangement and location of the parts are 
the same The general scheme is shown in 
Figure 6— which applies to the larger sizes, 
while Figures Т and 8 show the special 
arrangement used for the small fours and 
sixes as indicated by the title, and Figure 9 
the type used on valve-in-head engines. Each 











Figure 7— Diagram ef Governor as 


BZ Six-Cylinder Engines 

A—Governor drive shaft and gear. 

hinge pins. 

F—Governor lever hinge pin. 

K—Speed adjusting screw. 

Throttle rod adjustable ball joint. 
Governor ball thrust shift plate. 


7. Dx 


of these is automatically lubricated by the 
engine oiling system. 

* * * Operation of Governor — The op- 
eration of the Waukesha governor is as fol- 
lows: Two weights in the gear chamber at- 


tached to gear, A, Figure 6 are held by and 
swivel around two pins, B. These weights 
fly out when the engine speeds up, moving 
the governor shifter, S, outward. This ac- 
tion presses’ a ball bearing thrust at the 
center of S, outward. This moves lever, E, 
Figure 6 


This lever, E, swivels on pin, F, 








sed on Models V 
and VK Four-Cylinder, and TS, TL, ВА, BL, BM, BK and 


B—Governor weight 
vernor throttle rod. Е--Соуетпот lever. 
H—Governor throttle valve. 
L—Adjusting screw lock nut. 

R—Governor spring. 
T—Governor weights. 
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Above — Governor as used on Models FCS, FS, 
FL, FC, XAH, XAK. 


Left — Combination Governor and Water Pump 
used on Model ICK. 


Figure 8— Diagrams of Governors Used on Small Four-Cylinder Engines 
A-—Governor drive shaft and gear. B—Governor weight hinge pins. C—Water pump scal—external. 


D—Governor throttle год. Е--Соуегпог lever. 


F—Governor lever hinge pin. G—Governor weight 


support keyed to drive shaft. H—Governor throttle valve. J—Water pump seal—internal. K—Speed 


adjusting screw. L—Adjusting screw lock nut. 
able ball joint. R—Governor spring. 
U—Stop screw to prevent surging. 


Figure 9 -Diagram or 
Glevernor for Overhead 
Valve Engines 


А — Governor drive 
shaft and gear. B—Gov- 
ernor weight hinge pins. 
С — Magneto impulse 
coupling. D-——Governor 
throttle год. Е--Соу- 
ernor lever. Е — Gov- 
ernor lever hinge .pin. 
G—Governor weight sup- 

keyed to drive shaft. 

— Governor throttle 
valve rod. J—Magneto 
impulse coupling spring. 
К —Speed adjusting 
screw. L—Adjusting 
screw lock nut. Р— 
Throttle rod adjustable 
ball joint. R—Governor 
spring. S—Governor ball 

t shift plate. T — 
Governor weights. U — 
Stop screw to prevent 
surging. 





M-—Water pump impeller. P—Throttle rod adjust- 


S—Governor ball thrust shift plate. T—Governor weights. 








Figuse J0— Diagram of 
Close Regulating Type Goo- 
ernor Used on Models 
6-GAL and 6-GAK 


A—Governor drive shaft 
апа gear. B—Governor 
weight hinge pins. D—Gov- 
ernor throttle rod. E—Gover- 
nor lever. F—Governor lever 
hinge ріп. G—Governor 
weight support keyed to drive 
shaft. H—Governor throttle 
valve. K—Speed adjusting 
screw. L—Adjusting screw 
lock nut. M—Speed adjusting 
lever. P—Throttle rod adjust- 
able ball joint. К--Соуегпо” 
spring. S—Governor ball 
thrust shift plate. Т--Соу 
ernor weights. 
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which is held in the gear cover. The move- 
ment of E, causes a movement of the rod, D, 
which closes the butterfly valve, H, and 
throttles the engine independently of the 
carburetor throttle. 


e * * Governor Accelerator—In operat- 
ing some industrial machinery there are 
periods in the operating cycle which demand 
an excess of power beyond the routine re- 
quirements—raising the loaded skip of a 
paving mixer, and starting a heavy hoist 
load are common examples—which can be 
met by properly connecting the Waukesha 
governor accelerator. Its action is fully 
diagrammed in Figure 11, and its use should 
be restricted to euch.sefvice as just described. 
It should not be used for operating the 
engine continuously.at its maximum ac- 
celerated speed. 


* Re-Setting the Governor— As pre- 
viously stated, governor adjustments should 
only be necessary if the governor or parts 
included in its assembly have been taken 
down for other work such as manifold gasket 
reple ement, timing gear adjustment or gear 
cover gasket renewal. If any of this work 
deranges the governor parts be sure that it 
is re-assembled as it was originally. Make 
sure that the ball joint lock nut at P, 
Figure б. 15 tight, and that the governor 
throttle valve is assembled right side up as 
indicated by the raised letters cast in the 








Figure 11, -Огавтат of Governor Accelerator 


A— Ball joint. B—Governor spring which controls 
maximum engine speed. increasing tension increases 
speed, reducing tension reduces speed. C—Lever 
which pushing plunger, О, increases spring tension 
and engine speed Е--Ко4 connected to accelerator 
for remote control by foot pedal or by linkage to 
operating levers of driven machine G— Camshaft 
gear which carries governor weights. W. L—Gov- 
ernor operating lever actuated by governor weights. 
R---Governor valve operating rod 


edge of the butterfly itself. If all of these 
points have been carefully followed, the 
governor should operate exactly as before, 
provided the tension of the spring, R, or 
the length of the rod, D, has not been 
changed. To secure the best regulation, make 
sure that the length of the rod, D, is ad- 
justed so that the throttle, H, stands a trifle 
towards the closing position when the engine 
is stopped. Variation from the speed shown 
in the Tabulated Data, Figure сап be cor- 
rected by the screw, K. Turning it clock- 
wise increases the maximum speed, counter- 
clockwise, decreases the speed. 


SPECIAL EQUIPMENT ` 


* Auxiliary Accessories— There аге 
many auxiliary accessories that are applied 
to Waukesha Engines from time to time, 
each one usually meeting the special need of 
some individual client. The principal items 
include air compressors for air brakes, large 
capacity electric generators апа special 
cylinder lubricating systems. 


AIR BRAKE COMPRESSORS 


* Air Compressors— There are three 
general types of air compressor mounting, 
each one designed with automatic lubrica- 
tion system. The forward chain drive mount- 
ing and its typical application to the engine 
is shown іп Figure 12 In this type, the silent 
chain is entirely enclosed, and гессї.ез oil 
from the engine oiling system. Do riot use 
grease. The chain slack is adjusted sither by 
an idler as shown in the diagram sketch, or by 
shims being placed beneath the compressor 
itself. The belt drive forward mounting is too 
simple to require description. The care of the 
compressor is covered by the air compressor 
manufacturer’s instruction book. NEVER 
CHANGE the size of the oil line feed, to do 
so will unbalance the engine oil distribycion. 
• * * Rear Mounted Compressor—A 
special bracket replacing the magneto bracket 
is used for the rear mounting, therefore, 
battery ignition must be used. As in the 
case of the front mounted compressor, the 
lubrication is entirely automatic from the 
engine system, and does not require any at- 
tention. Do not put grease in the gear case 
Adjustment of the chain should be made by 
shims under the compressor base. 


ELECTRIC GENERATORS 


* Generator Selection—Occasionally 
generators for storage battery charging and 
auxiliary lights are required with capacities 
from 300 to 800 watts. If, for any reason, this 
equipment is not furnished by the Waukesha 
Motor Company and with specific recom- 
mendations, it is important that care be exer- 
cised in its selection. Make sure that the 
generator is of the proper size, that it is 
equipped with a voltage regulator, and that 
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Figure 12 —Diagram of Chain Drive Air Compressor Mounting of Early Design; 
Later Designs Have No Idler. 


the charging rate is adjusted to meet the 
electrical load. This will prevent damage to 
the storage battery. 


* Generator Care—Specific instruc- 
tions for the care of generator are included in 
the accessory makers' directions furnished 
with these units. When the generator is 
bolted by a flange to the timing gear housing, 
it is important, in mounting, to see that 
sufficient back lash be allowed between the 
generator and driving gears to avoid over- 


heating the generator bearing. 


-Generator Noises—If а rattle or 
thump is located in the generator at low 
engine speeds, it can generally be traced 
to too much back lash in the gears or ex- 
cessive end play in the generator. Correct 
the back lash in the gears by loosening the 
upper attaching screws, and crowding the 
generator slightly toward the crankcase. 
This can be done most conveniently if the 
cap screws are only fteed enough to move 
the generator by light blows from a rawhide 
or wooden mallet. When proper running 
conditions are secured, tighten the cap 
screws. If it is end play, it is controlled in 
different ways in different machines, and the 
trouble should be located, and remedied by 
the nearest service representative of the 
electrical equipment manufacturer. 


SPECIAL LUBRICATION 


• * * For Special Industrial Service— 
Extra precaütions are necessary to insure 
ample lubrication of industrial engines that 


must be started after long periods of rest, or 
after standing in a cold place. They should 
be filled with fresh warm oil, and run idle for 
the first few minutes to permit the oiling 
system to fill, and insure oil reaching all 
parts of the engine. It is good practice where 
industrial equipment stands out of doors 
overnight in cold weather, to drain the oil 
from the crankcase each evening and keep it 
in a warm place, replacing it in the crank- 
case the following morning. Do not put 
it near a stove or open fire. 


Fire Engine Equipment—Fire en- 
gine equipment requires special care to avoid 
serious damage when it is new. Until the 
engine has been thoroughly limbered by at 
least 300 hours of service, lubricating oil 
must be added to the fuel—one pint of 
oil to each five gallons of gasoline. If the 
equipment is kept in a station where the 
temperature is below 50, unless the ap- 
paratus is in frequent use, а lighter oil 
should be used than the standard recom- 
mendation given in the Tabulated Data, 
Figure Specifications for this service call 
for a viscosity of 65 to 70 Saybolt at 210 
degrees F., not over 600 viscosity at 100 de- 
grees F. with a minimum flash point of 
420 degrees F. Beside using a lighter oil, 
the oil supply should be checked frequently, 
and maintained at top level. When check- 
ing the oil supply if the drop from the bay- 
onet gauge is thin and fast, it indicates poor 
lubricating qualities, and the oil should be 
changed. 
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Electric Oil Heaters— The most 
satisfactcry arrangement to insure prompt 
response of the lubricating system is the use 
of a small electric heater attached to the 
oil pan sump. This will serve to keep the 
oil at a proper consistency in the coldest 
weather, and will also avoid the accumula- 
tion of water and gasoline in the sump. Not 
over 100 to 150 watts are needed. Our 
Engineering Department will provide suitable 
Sketches on request, showing а permanent 
attachment of this kind. 


DUPLEX OILING 


(Obsolete Equipment) 


The Duplex System an ''Extra" — 
In special cases, the added precaution of 
directly oiling the cylinder walls and pistons 
is recommended, and for this purpose the 
Madison-Kipp Duplex Oiling System was 
devised. It is auxiliary to and not а substi- 
tute for the standard pressure circulating 
system. It provides a positive delivery of 
fresh oil in а metered quantity at regular 
intervals to each piston and cylinder, as 
soon as the engine starts instead of depend- 
ing entirely upon crankcase mist for this duty. 


. . . ‘Simple Equipment — The extra 
equipment is securely built into the engine, 
and consists of an outside oil reservoir with 
a glass level gauge, and a tube which con- 
nects it to a fitting on the outside of the 


crankcase. Тће oil in this tank is led to a 
valveless plunger pump which receives a 
predetermined quantity of oil, and forces 
it through a distributing valve to each 
cylinder in turn. This pump is incorporated 
in the drive of the main oil pump, and is 
driven by a worm as shown in Figure 13 


Keeping the System Clean—Owing 
to the small quantities of oil which are used, 
even with the relatively large oil tubes em- 
ployed, particles of foreign matter and 
sludge sometimes collect and stop the sys- 
tem. It has been found that this collects 
most frequently in the tube leading from 
the supply tank to the crankcase, and that 
by blowing out this tube, the system will be 
restored to full operation. Do not attempt 
any adjustment of the Duplex oil feed 
without first clearing this outside delivery 
pipe. 
. + + Adjustment of Ой Feed—An ad- 
justing screw is provided at, A, Figure 13 
To increase the rate of oil feed, turn the. 
screw counter-clockwise; to decrease the 
rate of feed, turn it clockwise. This screw 
may be reached by removing a plug in the 
side of the oil pan. It is unnecessary to re- 
move the pan for any of the oiling system 
adjustments. A correct adjustment will 
add enough oil through the duplex system 
to balance the normal loss in the circulating 
system— usually about 11 drops per cylinder 





Figure 13— Details of ‘‘Duplex’’ Lubricating Pump 


ET . 

“Fresh oil” leads to their respective cylinders are indicated by the number of the cylinder, 
i.e., 1-2-3-4-5-6. A—Adjustment screw for regulating "fresh oil" pump. . B— Cross over 
connection from feed line, F, to "fresh ой” pump cylinder, L. C— Cover over oil pump gears. 
G— Worm gear which drives ''fresh oil” auxiliary pump. H—Housing for main oil pump. 
N—Pin on arm. M, which engages, W, and turns it one notch for cach complete revolution 
of the shaft, S. Р--“Егезһ oil" pump piston. S—Eccentric shaft driven by worm wheel, С. 
T— Universal connection оп end of piston and connected to driving eccentric, E. V—Rotary 
distributor valve which directs each shot of the plunger pump to the right cylinder—cach 
cylinder in sequence. W— Distributor valve slow motion gear 
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per minute—so that between crankcase 
draining periods all fresh oil is added to the 
engine through the duplex system. To check 
the delivery of oil to each cylinder, the small 
copper tube loop connecting the cylinder 
with the crankcase may be removed. Watch 
the oil level carefully, and if it is found to 
be increasing, reduce the duplex feed rate. 
If the level is falling, increase the duplex 
feed rate. Be sure that the oil is not thinning 
from an over-rich carburetor mixture. 


· * Top Cylinder Oiling— When re- 
movable sleeve cylinders are used, the 
Madison-Kipp Duplex System is replaced 
with the Jay Vacuum Operated “Мотор” 
Oiler. This system is entirely automatic 
and equipped with a sight gauge, its opera- 
tion is constantly in view. Follow the manu- 
facturer’s instructions accompanying the de- 
vice if adjustments are needed. Always use 
the best grade of light oil as recommended 
by the maker. 





Figure 14— Operation Diagram of Typical Reciprocating Fuel Pump 


The eccentric, Н, on revolving shaft. С, moves the lever, О. back and forth. 
and pulls diaphragm plunger, F. up and down against the spring, C. This draws 
fuel by vacuum into the upper chamber. M, through the check valve, N. from the 
supply line connected at J. When the diaphragm, А. moves up. the fuel is forced 
through the valve, О. and opening, P, tothe carburetor. When the carburetor float 
chamber is, full and the float holds the needle valve closed, the back pressure on 
the diaphragm holds it down, the motion of the lever, D, is absorbed by «ће joint, 


R, instead of the diaphragm plunger, F 


hand, the. general principles of adjusting all 
carburetors here outlined will give fair to 
good results. 


CARBURETOR ADJUSTING 


Low Speed Adjustment—In mak- 
ing carburetor adjustments the usual object 
is to gecure the best pulling power possible. 
This does not necessarily mean the highest 
or lowest speed or best economy of the en- 
gine. When adjusting the carburetor, first 
set the spark in the position found most 
favorable for pulling, and leave it there 
while making all adjustments. The idling 
adjustment should be made first, with the 
gas control nearly closed. If the engine 
loads up or seems logy, it is an indication 
that the mixture is too rich. If the engine 
slows down and pops in the carburetor, the 
mixture is too lean.. Adjustment should be 
made accordingly—by the low speed ad- 
justment only. 

High Speed Adjustment—In mak- 
ing the high speed adjustment, do not change 
the spark control, but set the gas throttle 
about one-fourth open, that is, one-fourth 
away from the closed position. The high 
speed adjustment should then be turned 


either right or left, depending on which way 
it gives the desired effect, until the engine 
runs smoothly. If possible make this adjust- 
ment with the engine under load, so that 
if a governor is used, it will not be affect- 
ing the adjustment. When the desired 
results are thus obtained, retard the throttle 
control, and allow the engine to idle for at 
least one minute. When this is done, quickly 
open the throttle about one-third and then 
quickly close it. If the mixture is too lean, 
it will pop back through the carburetor, 
indicating that the high speed fuel feed 
adjustment must be opened slightly, or if 
an air adjustment is used, the air flow 
slightly decreased. If the mixture is too 
rich, a popping noise will come from the 
muffler or exhaust outlet, and the high speed 
fuel feed adjustment should be closed slightly 
or the air adjustment opened to the desired 
position. A little experience and careful 
attention will make possible all carburetor 
adjustments which may be necessary, but 
if the. engine is working well, don't expert- 
ment. The best pulling power will be ob- 
tained with a mixture slightly richer than 
the leanest mixture that will give smooth 
running. 
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TABULATED DATA 
FOUR-CYLINDER ENGINES 











VK | VIS. 






























ENGINE MODEL ЕС5-Е5 | FL |ЕК-ЕС| XA | XAH | ХАК У 

ү. ЖИИ ОНИН ТТТ 2м 3 3% 3% 354 зм 4 44 41% 
Stroke. 4 4 4 4% 4% 4% 5 $ 5% 
Displacement, cu. in 95 113 133 173 186 210 251 284 28] 





N.A.C.C. hp. rating (actual ‘hp. is higher). ж 104 14.4 | 16.9 | 19.6 | 21.0 | 22.4 | 25.6 | 28.9 | 27.2 
Oil capacity, qts., standard automotive type oil pan 4 4 4 4 4 4 7 7 10 
Qil capacity, ats., flat base stationary type s 8 8 8 9 9 9 11 11 12 
Oil pressure, Ibs. at 1000 rpm, hot 15 15 15 15 15 15 20 20 25 

**Oil ]Saybolt Viscosity @ 210° F. — 65-75| 65-75| 65-75| 65-75| 65-75| 65-75| 65-75] 65-75] 65-75 
Speci- | yw қонам, @ 210° F., poises... |.11-.13].11-.13|.11-.13|.11-.13|.11-.13]|.11-.13].1 1-. 13]. 11-.13].11-.13 
fications |S.A.E. М е 40 40 40 40 40 40 40 40 40 














Water capacity, Industrial units, ‘gals ы. 5 5 5 3% 5% 5% 9% 9% 12 
Permissible оь full load 1800 | 1800 | 1800 | 1500 | 1500 | 1500 | 1400 | 1400 | 1200 
Governed Speeds |Intermittent, part load 2000 | 2600 | 2600 | 2200 | 2200 | 2200 | 2000 | 2000 | 1500 


.005-| .005-| .004-| .004-| .004-| .005-| .005-| 01+ 
.007 .007 .005 .0051| .005 .006 .006 010 
.009-| .009-| .006-| .006-| .006-| .008-| (10-І Ото- 
.011 ‚011 ‚008 ‚0081| . 008 .010 012 O18 
1-3-4-2|1-3-4-2|1-2-4-3|1-2-4- 3|1-2-4-3|1-2-4-3|1- 2-4- 3| 1- 2- 4-: 
18? 19? 20? 259 30% 299 212 43? 
Dimension "А" (See paragraph 614) 37% 3*4 4146 4'4 45% а: | 4g 
Dimension “В- à .004-| .004-| .005-| .005-| .005-| .005-| “08 019- 
(See paragraph 621) rege .007 | .007 | .010 | .010 | .010 | .010 | .010 | .015 
Dimension "С" .005-| .005-| .003-| .003-| .003-| .003-| .003-| .003- 
(See paragraph 621) .009 .009 | .005 .005 ‚005 | 1005 008 005 
Dimension "D" .030-| .030-| 015-| .015-| .015-| .015-| .015-| .0o0- 
(See paragraph 621) .060 | 060 | .025 | .025 | 025 | 025 | .025 | 090 


о 1 
Valve tappet inches “ 
Setting, cold [inches 
inches 
Firing Огдег.................... 
Spark advance, ‘maximum, flywheel, degrees... 
























































ENGINE MODEL VIL | VIK | CSR | CR DR | ОКК | ER CHS | CHK 
ЙӨРЕ nsus qns € vise уйсун ыы 41$ 4% 4% 41% 4% 4% 5 4% 513 
Stroke. .. Бес р — 5м 5“ 53; 5% 6% 61, 6% о'. 6'4 
Displacement, cu. in. ux 316 334 96 346 308 444 491 443 516 
N.A.C.C. hp. rating (actual hp. is higher) 30.7 | 322 | 28.9 | 30.7 | 32.5; 36.1 | 40.0 | 36.1 | 42.0 
Oil capacity, qts., standard automotive type oi! pan| 10 10 8 8 | 9 9 10 15 15 
Oil capacity, ats., flat base stationary (уре....... 12 12 | 14 | 14 
Oil pressure, lbs. at 1000 rpm, hot ни 25 25 12 | 12 | 5 35 
**Oil ом bolt Viscosity @ 210? F. : 65-75| 65-75 65-75} 65-78 108 
Speci- Kinematic viscosity @ 210° F., poises.. .11-.131.11-.13|.11-.133.11-.131. 13.20 
fications]S. A. E. No... 40 40 40 | 40 | EN 50 
Water capacity, Industrial units, gals. 000000... 12 12 15 ; 15 5 j 5 16 10 
Perinissible {Continuous, full load.. : „| 1200 | 1200 | 1200 | 1200 | 1100 | 1100 | 1050 | 10501 1050 
Governed Speeds | Intermittent, part load 5 1500 | 1500 | 1500 | 1500 | 1400 | 1400 | 1200 | 1200 | 1200 
Intake, | (| -014-] 014-| .008-| 006- | 006-1 006-| .006-| .012-| 012- 
Valve tappet | inches 016 оо 010 008 бохо: 008 | 008 | .014 014 
Setting, cold roe | | 016-| Olej .012-| 012-} .012-| 012-| .012-| Ol4-| 014- 
inches i| -018 | ох 015 015 ; oe 015 015 016 01% 
Firing Order 1-2-4-411-2--5|1-2-4-3 1-2-4- Fc ee eit 224-3] «343 БИ Ба 
Spark advance, maximum, tlywheel, degrees 457 | 299 25° | N* 24° 23° 30° 347 
Dimension "А" (See paragraph 614) Зен | 3*5 58% ілу 55% 
Dimension "В" || .010-| .010-| 010-)| 010-| 010-| 010-і! 010-| .006-| 006- 
(See paragraph 621) ] ) 015 | 015.015 | .015 | „015 | (015 | .015 | .O12 | 012 
І 


003- 003- | .003- 003-| .003- 003- 003-| .003- 003 - 
005 005 .005 005 .005 005 .005 ,Qps 005 
060-| .060-| 030–| .030- 030- 030-| .030-| .060- 060– 
090 090 060 000 000 060 .000 090 090 


Dimension "C" 

(See paragraph 621) 
Dimension "D" 

(See | paragraph 621) 








WS WL WK : му о K 



































ENGINE MODEL HS | HL | Jt 
T | й 2 A M 7: ^ 
Bore . 514 6 6 Ы SX, 6', 6M 4 
Stroke 6% 04 7 8 8 8 R 
Displacement, єн. dti oss O18 755 792 920 1002 831 982 1145 | 1414 
М.А.С.С. hp. rating (actual Вр. is higher) 48.5 | 57.6 | 57 о | 07 7 729 53.0 62.5 720 | 90 0 
Oil capac ity, atsa standard automotive type oil pan 13 13 14 14 15 15 15 16 
Oil capacity, ats., flat base stationary type 20 | 20 20 20 | 20 20 20 20 
Oil pressure, lbs. at 1000 rpm, hot 30 зо р 25 | 25 1 225 „35 25 25 
**Oil Savbolt Viscosity (0 210° | 75-105|75-105!75-105{75-105! 8IT5-108|75-103]75- 10517 5-105 
Speci- Kinematic viscosity @ 210? F., poises | |.13-.20|.13-.20| 13-20. 13- 201.14..20|.18-.20 i. 20].13-.20 13. 20 
fications |S.A.E. №. ... er 50 50 50 80 | 50 50 50 50 50 
Water capacity, Industrial units, gi ліз. 1714 17% 20 20 28 IN 2х МЕЈ 10 
Permissible i€ ontinuous, full load 1050 | 1050 | 950 950 | 950 950 950 око 900 
Governed SpeedsInterinittent, part load 1200 | 1200 | 1050 | 1050 | 1050 | 1050 | 1050 | 1050 | 1000 
` [Intake x | 006- 006- OOX- 008 OOS-| OOX- OS DOR O14- 
/ 2 > inches .008 оох. O10 ora чо оо 010 010 ото 
SANE D часі | j 012- 012 | .015 et ors | oi- 915- 015 024 
d | ‘inches | || ors | e] 017] 017 | 012 | 017 | ons] 017 | 020 
Firing Order 1-2-4-3]1- ict SIL 224-3|1-2- 3-3] 1-2-4- 30 2-4-3] 1-2-4-4 1-2-4-3 1.2.4.3 
i» M ° М М H 
Spark advance, maximum, flywheel, degrees a Ет 24° "s 25 2! 24 A 32 
TS See paragrapli 614) Р 51%% 3 673 On “а 739 Py Dy 
Been b ее а 006-| .000- 010- ото- | O10 .010- 010- 010- oo- 











imension “В” ү 
p ^o oW ME .012 | 012 | 015 | 015 | 015 | 015 | .015 | „015 | 015 


( 
Dimension Се \ ( 003-| 093-| .006-| .000- 006-| .006—-| .000-| 006-| 006- 
f 
у 





~ А raph 621) 005 .008 .008 .008 оок ‚оох .008 (ЮА 008 
Dimension ^D^ ( .030-| .030-| .030-| .030-| .030-| .030-| .030-| 030-| .030- 
З 000 060 000 060 060 060 060 060 060 


(See paragraph 021? | | ‹ 
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ENGINE MODEL | ОКА OBA | 6BL |oBM|eBK|oBZ 6MS 6ML 6MK 
ШЕН ан В 338 338 13% | 352 | 341.3 | 334 4 4% 
Stroke 4158 41. |454 [Ata] ata fate 434 4% 44 
Dispiacement, cu. 221 228 |245 | 203 | 282 | 420 315 358 381 
N.A.C.C. hp. rating (actual hp. is higher) 27.3 27.3 129.4 | 31.5] 33.858 4| 33.8 38.4 41.0 
Oil cap.. qts., std. auto type oil pan 5 6 8 | 8 8 8 
Oil capacity, ats., flat base stationary type! . 12 12 "T" 
Oil pressure, lbs. at 1500 rpm, hot 40 40 40 40 40 
**Oil |Savbolt Viscosity @ 210° F. 65-75 65-75 65-75 75-105 75-105 75-105 
Speci- }Kine. visc. @ 210? F., poises .11-.13 .11-.13 .11-.13 13-.20 .13-.20 .13-.20 
fications |S.A.E. No. 40 | 40 40 50 50 50 
Water capacity, Industrial units, gals. 94 | 9м 915 | 10 10 10 
Permissible {Continuous, full load . 1800 | 2000 2000 1600 1600 1600 
Governed Speeds|Intertnittent, part load 2500 2800 2800 2200 2200 2200 
(Intake. \ | 008- 010 .010- 208- .008- .008- 
Valve tappet | inches .010 .012 .012 010 .010 .010 
Setting. cold ‘Exhaust, | 012- 014- .014- 014- 014- .014- 
| inches .014 .016 010 016 .016 016 
Firing Order В 1-5-3-6-2-4 |1-5-3-6-2-4 | 1-5-3-6-2-4 |1-5-3-6-2-4 | 1-5-3-6-2-4 | 1-5-3-6-2-4 
Spark advance, maximum, fivwheel, deg. 25* 30° 34° 25° 24° 25° 
Dimension "А" (See paragraph 614) 414 354 354 4“ 4“ 4% 
Dimension age { .005- .005- .005- .005- .005- .005- 
(See paragraph 621) | ‚010 ‚010 .010 .010 .010 .010 
Dimension "C" | 003- .003- .003- 003- 003- .003- 
(See paragraph 621) | .005 .005 .005 .005 .005 .005 
Dimension "D" .010– .060- .060- .010- .010- .010- 
(See paragraph 621) я 045 .090 .090 045 .045 .045 
ENGINE MODEL 6MZ 6SRS 6SRL 6SRK 6DHS 6DHK 
Bore . qeu е 4% 4% 434 434 4% 5 
Stroke. ves eed ete ям 5% 5% 5% 5и 5м 
Displacement, cu. in. 404 411 462 517 525 648 
N.A.C.C. hp. rating (actual hp. is higher) 42.5 41.0 46.0 51.3 48.6 60.0 
Oil cap.. qts., std. auto type oil pan 8 10 10 10 14 14 
Oil capacity, qts., flat base stationary type| .. я Бли 1384: [aes Sv 
Oil pressure, lbs at 1500 rpm, hot а 40 40 40 40 50 50 
жегу Saybolt Viscosity @ 210° F... 75-105 75-105 75-105 75-105 75-105 75-105 
Speci- i visc. @ 210? F., poises .13-.20 .13-.20 .13-.20 .13-.20 13-.20 .13-.20 
Яса(іопв |5.А.Е. No. 50 50 50 50 50 50 
Water capacity, Industrial units, gals.. . 10 14 14 14 19 19 
Permissible {Continuous, full load 1500 1500 1500 1400 1400 1400 
Governed Speeds |Intermittent, part load 2000 2000 2000 *2000 1800 1800 
Intake. \ .008- .008- .008- 008- 010- .010- 
Valve tappet inches S = .010 .010 .010 .010 012 .012 
Setting, cold |Exhaust, .014- .016- .016- .016- 014- .014- 
inches | 5% ее "" .016 .018 .018 .018 .016 .016 
Firing Order : 1-5-3-6-2-4 |1-5-3-6-2-4 |1-5-3-6-2-4 |1-5-3-6-2-4 |1-5-3-6-2-4 |1-5-3-6-2-4 
Spark advance, maximum, flywheel, “deg. 25° 27° 724" 28? 25* 29* 
Dimension “А” (See paragraph 614) .... 414 4м 4% AVE {аш зачинено 
Dimension "B" { .005- .005- .005- .005- .005- .005- 
(See paragraph 621) .010 .010 .010 .010 .010 .010 
Dimension "C" .003- .003- .003- .003- .004- .004- 
(See paragraph 621) Б DIAS .005 .005 .005 .005 006 .006 
Dimension "D" :010- .010- .010- .010- .060- .060- 
(See paragraph 621) |^ 3" .045 .045 .045 .045 .090 .090 
ENGINE MODEL eGAL [6САК | өкі. | век 6RB 6LS 6LK 6LRO 
Bore 5 5145 | 614 7 5 7 ти ви 
Stroke... 5% |54 | 7 7 5м 8м 5% 8% 
Dieplacement, cu. ‘in. z 648 | 784 1395| 1616 677 1962 2894 
N.A.C.C. hp. rating (actual ‘hp. higher) 60 | 72.5 | 101.41117.7 60.0 117.6 idi. 173.4 
Oil cap . qts., std. auto type oil рап...... 44. (55 14 60 60 60 
Oil capacity, ats., flat base stationary type 30 707 76 76 76 
Oil pressure, lbs., 1500 rpm, hot S EN 40 ***40 40 ***50 ***50 ***50 
**Oil Saybolt Viscosity @ 210° F 75-105 75-105 75-105 105-125 105-125 105-125 
Speci- јеле уізс. @ 210° F., ројвев... .13-.20 .13-.20 .13-.20 .20-.24 .20-.24 .20-.24 
fications |S.A.E. No... . 2 50 50 50 60 60 60 
Water capacity Industrial units, gals. ae 121234 45 19 62 62 62 
Permissible [Continuous, full load 1400 1050 1300 900 900 850 
Governed Speeds‘ Intermittent, part load 1800 1125 *1900 1200 1200 1100 
| Intake, .010– .012- .006- .012- | .012- .020- 
Valve tappet | inches 78 .012 014 .008 .014 .014 .022 
Setting, cold | Exhaust, .014– 020- .010- .020- .020- 026- 
|. inches 016 .022 .012 .022 022 .030 
png Order 2 А 1-5-3-6-2-4 |1-5-3-6-2-4 |1-5-3-6-2-4 |1-5-3-6-2-4 |1-5-3-6-2-4 |1-5-3-6-2-4 
park advance, maximum, flywheel ‘deg. 45° | ze | 28 23° 25° 30° 40° 
Dimension "А" (See paragraph 614)... .. 475 65% 51м 7M ти ОРКИ 
Dimension "В" .008- .009- .005- .010- 910- .010- 
(See paragraph 621) Ы .014 .017 .010 .015 .015 .015 
Dimension "C" .004— -004- :.003- 009- 009- .009- 
(See paragraph 621) 007 .010 .005 .012 .012 .012 
Dimension “D” j ORS- 091- :030- :060- :060- :060– 
(See paragraph 621) 100 .101 060 .090 .090 .090 


























Kinematic viscosity of oils is given because it is the expectation that this method of expressing viscosity will be- 
come а universai standard. Saybolt viscosity is common іп the United States, and has а 'imited use in other countries. 


The two systems are convertible, one to the other. 


*Note— Тор speeds merked with asterisk permissible only when aluminum pistons are used 


**For Natural Gas Engines | 
**For Winter Service 
***At Governed Speed. 


| Use Oil one grade lighter. 
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REGULATION OF THE FLAME 


Тће welding flame may be three kinds, namely, a carbonizing flame, 
a neutral flame and an oxidizing flame. While at first it appears difficult 
to recognize these flames, reference to Fig. 1 and a careful study of 
the characteristics of the flame will enable the operator to immediately 
recognize the proper flame and detect any variation. Мо fixed rule 
can be applied to the pressures of the two gases, however, the schedule 
as shown on the following page will serve as an approximate guide to 
the operator for the average run of work. Some operators, after con- 
siderable experience, desire an extremely long flame for certain classes 
of work. This requires higher gas pressures and it is then necessary: 
to increase the pressures to give the desired flame. 


In lighting the torch, open the acetylene valve until the acetylene 
gas is noted to be coming out at the tip, then light it at a gas jet, a 
spark lighter or other suitable means. Before lighting the gas, how- 
ever, give it sufficient time to replace the air which is usually present 
in the hose and torch as this will eliminate the possibility of carbonizing 
the interior of the torch and thereby fouling it. 


REGULATION OF THE FLAME 


1 2 3 4 




















Eig. 1 


Now increase the flow of acetylene gas by further opening the valve 
until the flame has the appearance of Flame No. 1, in Fig. 10, that is, the 
gas does not ignite until it has reached a point of about 3/16 of an inch 
from the end of the tip on a large tip and a much smaller distance on 


Continued on next page 
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а smaller tip. Now open the oxygen valve until the flame resembles 
that of Flame No. 2, which is known as a carbonizing flame. In this 
flame the yellow appearance disappears arid it assumes a blue color 
with a long, roughly-pointed white cone. This flame is called а car- 
bonizing flame since there is an insufficient supply of oxygen gas to 
completely burn up the acetylene gas. 


Now further increase the supply of oxygen until the flame assumes 
the form of Flame No. 3. This is known as neutral flame and the one 
desired for practically all classes of welding work.  Sufficient oxygen 
is supplied to completely burn all of the acetylene gas, and little or 
no effect should be noted on the material welded due to carbonization 
or oxidation where this flame is properly employed. 


By supplying а further increase of oxygen the flame will assume 
the form of flame No. 4, which is known as an oxidizing flame and 
which is easily detected by the fact that the white cone or welding flame 
is choppy and the entire flame does not possess the clear apparance of 
flame No. 3. 


А properly adjusted flame does not always continue to burn in а 
neutral manner, but may vary slightly with the operation of the regula- 
tors or with the temperature of the torch head. The operator must 
therefore continually watch his flame, making such adjustments as are 
necessary immediately at the time a variation is detected. Either a 
carbonizing or an oxidizing flame is detrimental to good welding. А 
carbonizing flame having a tendency to make the metal, especially mild 
Steel, hard and brittle, and an oxidizing flame will burn up a part of 
the metal, producing а weak weld. 





Type N. Lead Burning Torch 


Turn on both tank valves adjusting the screws on both oxygen and 
acetylene regulators a few times until a pressure of a few pounds 
shows on the gauge. This will then blow out the hose, and any dirt 
that may have accumulated in packing or shipping will be dislodged 
from the hose. This is important as dirt clogs up the torch and makes 
good burning impossible. Then apply hose to torch, being sure that 
the proper hose is applied to the proper connections. 


With the adjusting screw screwed in on the acetylene regulator so 
the gauge reads about two pounds and the adjusting screw screwed in 
on the oxygen regulator so that the gauge reads about two to five pounds 
open the acetylene valve on the torch and light. If the torch does 
not readily light and produces a blowing effect, the valve is opened 
too wide and must be closed a little. When the acetylene is lit and. 
coming out of the torch in a fairly strong stream, the flame must not 
leave the tip. If too much force is applied to the flame, the flame will 
leave the tip and be lit from % to 1 inch away from the tip. To 
produce the best results we must have the flame start immediately at 
the tip. * 


Where low pressure city gas is used with the No. 2 or 2-A out- 
fits, simply apply the flash-back to the gas line and apply the red hose 
to the outfit A much higher oxygen pressure is required depending 
upon the size of tip used and intensity of flame required. 


Always keep torch clean, as foreign matter getting into the same 
has а tendency to clog up and does not produce uniform results. If 
torch tip becomes clogged, à tip drill the size of the hole should be 
put in with the fingers, and this will clear the foreign matter. 


————— 


в 7 
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WELDING KNOWLEDGE 


In preparing a broken part for welding it is common practice to 
bevel the joint to be .welded. This practice is well illustrated by 
Figs. 1 and 2. Lighter sections are beveled from one side only, as 
shown in Fig. 1 and heavier sections, where possible, are beveled from 
two sides, as shown in Fig. 2. This beveling is usually accomplished 
by means о’ grinding, chipping with a hammer and chisel, and in 
some ca-cs machined off, or in many heavy, awkward pieces burned 
out with the torch flame. Burning out with the flame is strongly recom- 
mended against and is used only in cases where it is impossible to 
bevel by the first mentioned methods. Beveling has the further ad- 
vantage of allowing the operator to begin the weld at the bottom of the 
break, thus preventing the possibility of a flaw in the weld. 





Fig. 1 


This well illustrates the first and most essential lesson in welding. 
that is. TO WELD OR FUSE THE METAL AT THE POINT OF THE 
BREAK, AND THROUGH ITS ENTIRE THICKNESS; AND NOT SIMPLY 
ON THE SURFACE. This bevel, as a rule, is usually about 90', how- 
ever, it may be varied to suit the various welding conditions the 
operator is required to work under. The material used in filling up the 
space left by beveling is commonly termed the welding or filler rod. 
The quality of this rod is of utmost importance and sometimes becomes 
the success or failure of the weld. For smaller work 3/16 or '4-inch 
diameter filler rods is sufficient; however, on large work a larger rod 
should be used, the size being governed entirely by experience and 
convenience of its use by the operator 
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In bringing the metals to their fusing point certain changes in 
their chemical analysis occur. Such elements as burn more readily 
have a tendency to oxidize and we find the use of a flux of considerable 
aid. A good flux should not only help cleanse and make the metal more 
fluid, but should also produce a protective coating over the molten 
metal to prevent unnecessary oxidation. The cost of МЕСО FLUX is 
so small in comparison with the value of good welds that it behooves 
the operator to adopt it and not experiment around with other cheap 
materials with which he is not familiar. 


The different metals used in machinery production vary in melting 
point, have different co-efficients of heat conductivity and are of various 
thicknesses. These are the factors that positively govern the size of 
the flame to be used. No set rule can be given the inexperienced 
operator as to what size tip should be used for a particular job Тоо 
large a tip will melt the metal faster than the operator can control 
it and too small a tip will not melt quick enough, the heat being radiated 
to other parts of the casting faster than it is supplied by the flame. 
The following table, however, will assist the inexperienced operator 
greatly in giving the proper size tip he should use and enable him at 
least to make an intelligent start. 


GAS PRESSURE FOR DIFFERENT SIZE TIPS 




















Thickness | Acetylene Oxygen ‚ Oxygen Lineal 

of Metal PesssuPh | Pressure фот үзү = 
1 1/32" и lb. и |b. 7.80 30 ft. 
2 1/16” 1 ш 1 44 7.90 pe o" 
3 | 3/32" l^ * | је = | әш іше 
4 | 1/8" р. ма "j| $3 | ја“ 
5 | 3/16” па "о розу, ~ | 1680 9“ 
6 | 5/16" Lo. 2Vj ©“ | 26.40 6 “ 
7 | 3/8" 3 7 200 39.35 20% 
8 | 1/2” $ 0m RE. x 51.15 4” 
9 | 3/8” 8 " |14 "| 69.10 3 
10 | 3/4” | 10. | 18. ^ 80.00 3^ 











Note:— Consumption given above, taken with Hydrex Flow Indicator. 
with maximum size Flame. They are intended for estimating purposes 
only, and should amply cover adverse conditions. 


EXPANSION AND CONTRACTION 


Тће art of welding also brings us in contact with some of the old 
natural laws. The most essential being that of EXPANSION AND 
CONTRACTION, and one which the welder should. not consider TOO 
LIGHTLY if he is to be successful. All metals, as we know, expand 
when heated, and contract when cooling, and while this law is a simple 
one it is sometimes extremely difficult to apply it in an intelligent man- 
ner to an irregular shaped casting. Cast iron, for example, is a very 
brittle metal, and if the strains caused by either expansion or contrac- 
tion are not properly provided for a cracked casting will result. 
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To fully comprehend the principles of expansion and contraction, let 


us refer to Fig. 3. Here we have a rod or bar which is broken at X. 
If the weld is made no ill results will follow, since when the metal 
cools they are free to contract. Now refer to Fig. 4, in which case the 
broken bar is made the middle member of the frame with the break at 
the same location А. If we proceed to weld in the same manner as the 
previous figure we would find that as the metal at and surrounding the 
break А started to cool the ends D and E would not be free to contract 
since they are rigidly held by the members B and C, but had we previ- 
ously heated members B and C until they expand the break at A will 
open up, the weld then be made and the frame allowed to cool with 
approximately an equal amount of contraction in each member. There 
are ot;er means of offsetting the effects of expansion and contraction 
than heating, and certain metals require no safeguards whatever. 

Not all parts are as simply handled as the one just illustrated. For 
example, take the case where a light section must be welded to a heavier 
one. In this case it is extremely important that the operator divide the 
heat from the flame between these two members in such а proportion as 
will render them both to approximately the same temperature and not 
bring one to the fusing temperature at the expense of the other. A 
little study and experience with individual cases should bring the 
operator to understand the principles of expansion and contraction and 
teach him that metals will expand when heated and contract when cool- 
ing in spite of the use of clamps, vises or other paraphernalia. 


А good example of this would be to fix the ends of Y and Z of the 
broker bar as illustrated in Fig. 3. То be sure these ends would not 
expand if the weld was made at X, but the expansion, however, would 
take place from both ends toward the center, as this would be the easiest 
way; however, since the cold metal would occupy a smaller space than 
the heated metal, the weld would break on cooling. Clamps or bolts may 
be used to secure alginment or guide expansion, but never be used to 
prevent expansion, as this is absolutely impossible. 


B 8 TRS 
¢ ^ 


А 















































Fig. 4. 


Failure to understand and apply the law of expansion and contrac- 
tion is absolutely responsible for the failure of most repair welders. 
Each particular job should be studied and the principles applied before 
attempting the actual welding itself. Determine where the strain will 
be set up and then overcome this strain before executing the weld. 
The following tables will serve to give the operator the relative co- 
efficience of linear expansion, of heat conductivity and the melting or 
fusing points of the various metals he will come in contact with. 
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CO-EFFICIENTS OF LINEAR EXPANSION 
Alumigun (баз) сада таи а ва Рази VAS he ҰРЫҚ ҰЕЖ quii 00001234 
Cast ТОЙ sinc. а egies da Bn ros ява ашын ақа Saw hon d А 00000617 
Steel (unten pered) 24-ке ce meg тк a a AMA CN ardet ae eee RG 00000599 
Steel (tempered) 55::5%»:%>569%%%5%: es sed Ped ews hag жшк кера ЕВ 00000702 
CODO о 5 бака оо риа Шала ы al pie нон 00000955 
Ваза Е піаніно барана ei Mosca Aci taped А e meth эл я d UAE ct Me Ge 00001037 
Silver css sora da eee том ERR аа кота на то Ра а 00001060 
МИЛОВЕЋЕ. ТОМ brennid Quusa ames rud cx Od ua Ser SOE желше ев 00000686 
TSCA: З з Ри нае 845% те X o о acl АКЫЙ 00001571 
о сени ено ти ви ғы ока ла DON EE аза а С 00001634 
Qoo MERERI 00001230 
HEAT CONDUCTIVITY OF METALS 
i пиву ту ту ти ти ел RERO ЕЛ У 100.00 
COSE ИЕА РАНЕНИЕ арР XO S ry ан лы қаса di а En ӨЙ 13.6 
(SOL! на е i end эли Rare iic Sp ac aera dies o | | и 59.2 
Aluminum: и тізбе ушен Ан Oe SENSE RO по те 31.3 
ЕГ салланан та Gd Бана Ва ГГ adig О ЗЕТ И 28.1 
Б с Ї СЛИНИ а тыл клен WAS ааа BAHAR ooh Еке CALDER тон 19.0 
ГІН vishrilo WA ти о ГГ КҮТ У с d ҮТИ 14.5 
ТЕО ace ss знана 15 Gens ve e tr gue OSB BLAS Dat И НОВЕ Se Tus КЪЫ ШЕ Y IUS ae 11.9 
UROL” авга уз ел D Dl пе оао ieee 11.6 
WCNC, УККУС верер бан CAE KET E T Saag Би ву ве тағай 8.5 
ТРАСИ. sinnerman erbe Ко мек PSE аа RA Ah er ESE GA Ine PST LAE 8.4 
. MELTING POINTS OF METALS 
Wrought IPOD зла via wee 6 ad накта ние кир йк Ева ғыс 2730 Degrees 1“. 
INIGE BIA deas esf Ente nion аон же Fab UAE IMP pb Pad РР d vl ato bed d 2703 Degrees F. 
МПа: UGG]. соса moe o a nisl hae зде voie ord re dran Кова аад й 2680 Degrees F. 
Hard: Steel ; vs coy ао ewan uei div о ЁЗ NNI 2552 Degrees F. 
Crey Cast LEON! dazu sua vato gp neo dd айе Siew venir з оаа. ұтары Ы 2192 Degrees F. 
White: САВЕ, ТОН срна eee a cedo pide Boi e d Te мың iac Bae 2012 Degrees F. 
ЈИ НИЛИ Ре 1212 Degrees F. 
COPPER ареною Fed brake > dard а - SE Ged eim 62i 1947 Degrees К 


As fly wheels and pulleys are a common type of work to be 
welded and as so few understand the proper method of handling them, 
the following will be of great assistance. This applies to the building 
of teeth on gear wheels for any type of wheel having only a hub and 
rim with spokes between. A great many wheels have a web between 
hub and rim. These must, as a rule, be preheated all over, unless 
the general idea of the following can be carried out: 


As an example of taking care of expansion and contraction by 
the application of heat locally, consider Fig. 5, which represents a 
fly-wheel or pulley with broken spokes. Assuming that it is broken 
only at a point “A,” we know that were we to weld thts spoke with- 
out considering expansion or contraction the shrinkage strain would 
be so great that failure would occur. 


Preheating the rim from W to X to a dull red heat will cause it 
to expand outwardly, separating the edges of the broken spoke. While 
in this state the weld should be rapidly made and the whole wheel 
allowed to cool slowly. Thus a good weld without the presence of 
internal strains will be produced. The expansion of the rim will offset 
the contraction of the weld in the spoke. 


If the crack in the spoke is near the rim it is only necessary to 
apply a gas or oil burner to the rim at “М” until it is red hot. This 
will expaiud the spoke and rim and separate the edges of the break 
sufficiently to offset the contraction of the weld. 
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Fig. 5 


As an example of making proper allowance for expansion and 
contraction without heating, this spoke may be also welded “cold,” 
that is without any auxiliary heating. It is necessary that the rigidity 
of the rim be lessened, and in order to do this it is broken at a point 
"P," always close to the spoke. First one side of the spoke is strongly 
"Tacked" with the blowpipe at the weld. Then the other side is welded 
half through. The tack is then melted out and this side welded. If 
the weld has carried entirely through the spoke in one continuous 
operation, the contraction of the finished weld would be such that the 
rim would be out of “Round.” Therefore, it is necessary that the 
original spacing be retained. Тће rim is now welded at the point 
"P." И the edges do not meet accurately, they may be brought to do 
SO by heating either at point “М” or “О,” according to which edge is 
low, and then welded. . 


If there are two spokes broken as at “А” апа “В” the same general 
procedure as given above may be followed. 


In case it is necessary to preheat a large portion of the casting it 
is important that the preheated area always extend past the spokes 
adjacent to those fractured as shown by "У"--"7." If two diametrically 
opposed spokes such as “В” and “С” are broken, each spoke may be 
tredted as independent of the other and welded by any of the methods 
preyiously described. 


Before attempting to do actual repair work, it is best to practice 
on scrap materials. Make the welds and then break them through the 
weld. You can then see for yourself the kind of weld you arg making 
and you will have further learned to operate the torch properly before 
attempting serious work. It is best to practice on metal %” to М” 
in thickness as less gas is required to make the weld. 


CAST IRON 


Bevel the ends of the test pieces as previously explained and piace 
them in position for welding. The edges should be slightly separated 
to allow for contraction; about 1-32-inch will be found about correct. 
Use the size tips recommended on the Table, Page 99 Special care 
should be used to heat the piece slowly. This is best done by mcving 
the flame in a circle as illustrated in Fig. 6. When the metal be- 
comes red for a distance of about three times as the metal is thick 
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Fig. 6 


we are ready to begin the welding operation. Have the Cast Iron Flux 
in convenient reach and with the filler rod in one hand and the torch 
in the other, bring the welding flame down to the metal until the 
end of the cone is almost, but not quite, touching the edges, as illus- 
trated in Fig. 7. The welding rod is placed near the flame to slightly 
heat it—then it is dipped in the flux can and the fiux picked up by 
the hot rod is placed in the spot the flame is playing upon. Usually 
this is sufficient to break the film of oxide and to cause the metal to 
flow together. Note that we have added no material from the welding 
rod as yet. Now we melt the SIDES of the break and flow them to- 
wards the bottom until the weld has the general appearance of Fig. 
8. Then we are ready to use the material from the welding rod, 
which should be kept in contact with the weld at all times to avoid 
loss of heat. REMEMBER THAT THE ARTICLE AND THE WELDING 
ROD ARE THE SAME METALS, MELTING AT THE SAME TEMPER- 
ATURE. We must, then, keep the article and the rod in fusion at all 
times to effect а bond. Be very careful that the metal is actually 
meiting while the rod is being added. 
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Avoid the habit of pulling the torch away from the weld rather 
use & slow circular movement which insures fusion and does away with 
1055 of heat. Use the flux sparingly— never throwing it in with the 
hands—the amount picked up by the bot welding rod is sufficient at 
all times. At times it may be necessary-to break the oxide by stirring 


the molten iron with the rod, and if the metal is very dirty, by pulling 


it out of the line of welding by means of the rod. 














Fig. 8 


As we progress with the welding we note that the metal does not 
always flow where we want it to, 1. e., where we are holding the flame. 
The force of the flame usually prevents this and we add the metal 
from the welding rod at a point a little distance away from where 
we actually want it to flow, and when we are ready to have it join the 
casting we remove the flame from that point and swing the metal te 
the section desired by the circular motion described. 

Cast iron does not immediately solidify the moment the flame 1s 
removed—it remains liquid for some little time and this condition 
presents two difficulties: one the langer ot allowing this fluid metal to 
flow over, without bonding to the other metal, and the other the col- 
lapsing of the weld. The first difficulty may be offset by watching the 
weld carefully and bringing all parts into fusion. The second one is 
usually experienced by beginners and is caused by their lack of knowl- 
edge of the metal and the force of the flame with the metal in a liquid 
condition, is sufficient to cause the metal to collapse and create a hole. 


One of the reasons for the collapse is the force or velocity of the 
flame—the metal is fluid all the way through and this force is sufficient 
to let it drop. We must, therefore, have a solid base at all times, which 
may be secured by the circular motion of the welding torch—not 
keeping the flame in one spot too long. To fill a hole, work down the 
sides the same as we have done in starting the weld, then dip the 
torch on an angle, as illustrated in Fig. 9, being careful, however, to 
keep the metal in fusion all the time. The idea is to divert the direc- 
tion of the force of the flame. This same method is applicable where 
small sections may be missing. 

If we have carefully followed out the directions, we should have 
& joint which is even stronger than the original article, and we can 
make it considerably stronger by adding additional metal to the line 
of welding. 4 


WELDING STEEL 


Preparation for the steel weld is practically the same as for Cast 
Iron. When the steel is heated sufficiently to begin welding, we bring 


UNIVERSAL MACHINISTS HANDBOOK 


257 


Shop Equipment Directory 


In this Department, we have assembled and classified representative manufacturers 
and supply sources covering many lines of Shop Equipment, Machine Parts, 


0015 and Materials. These Manufacturers and 
additional detailed information on CC Cd 


butors will 


ing Manufacturers, please mention 


promptly supply 
When writ 
MACHINISTS' 


ABRASIVES, Cloth and Paper 
Abrasive Prod., Inc., So. Braintree, Mass. 
Bay State Abrasive Products Co, West- 

boro, Mass, 
Carborundum Co., Niagara Falls, N. Y. 
Schultz & Anderson Co., Newark, N. J. 
Manufacturers’ Supply Co., Defiance, O. 

AR HORNS 
Keystone Grinder & Mfg. Co., Pittsburgh 


19, Pa. 
AIR LINE PARTS 


AIR-WAY PUMP & EQUIPMENT CO. 
1050 No. Kilbourn Ave. 

Chicago 51, Ш. 
"Air-O-Chek" Airguns and Air Hose Fit- 
tings. | 
M-B Products Co.. Detroit, Mich. 

Keller Tool Со. Grand Haven, Mich, 
C. A. Norgren Co., Denver, Colo. 


AIR MOTORS. 
Gast Mfg. Corp, Benton Harbor, Mich. 


AIR-OPERATED CLAMPS 
Lapeer Mfg. Co., Lapeer, Mich. 


AIR PUMPS 
Gast Mfg. Corp., Benton Harbor, Mich. 


AIR PURIFIERS, (Compressed) 
E. Р. заразна Company, San Francisco, 
alif. 


ALLOYS 
Adamas Carbide Corp., Harrison, М. J. 
Carboloy Co., Inc., Detroit, Mich. 
McKenna Metals Co., Latrobe, Pa. 
Wall-Colmonoy Corp., Detroit, Mich. 


AMMONIA 


Du'Pont De Nemours & Co., Inc., E. I. 
Chemical Products, Wilmington, Del. 


ANGLE PLATES 
J. C. Busch Co., Milwaukee, Wis. 
Challenge Machy. Co., Grand Haven, Mich, 
Conrad Machine Co., Lombard, Ill. 
Lassy Tool Corp. Plainville, Conn. 


ARBORS AND MANDELS 
Brown & Sharpe Mfg. Co., Providence, 


R. I. 
K. O. Lee, Aberdeen, S. D. 
Scully-Jones & Co., Chicago, Ill. 
Western Tool & Mfg. Co., Springfield, O. 
AXLE & TIRE BOLT WASHERS 
The Ohio Nut & Washer Co. 
Mingo Junction, Ohio 


BADGES 
SUPERIOR SEAL & STAMP CO. 
1402 Vermont Ауе. 
Detroit 16, Mich. 
Brass, Zinc, Aluminum Tool Checks, 


Name, Machine, Number Plates, Property 
and Inventory Tags, Employee Badges. 


HANDBOOK. 


BALANCING EQUIPMENT 
Anderson Bros. Mfg. Co., Rockford, Ill. 
The N. P. Bowsher Со. South Bend, Ind. 
Gisholt Machine Co., Madison, Wis. 
Norton Co., Worcester, Mass. 


BAND SAW MACHINES AND PARTS 
Armstrong-Blum Mfg. Co., Chicago, Ill. 
Atlantic Saw Mfg. Co., New Haven, Conn. 
Atlas Press Co., Kalamazoo, Mich. ' 
Continental Machines, Inc., Minneapolis, 
Racine Tool & Mach. Co., Racine, Wis. 
Tannewitz Works, Grand Rapids, Mich. 

BARS, Boring 

Adamas Carbide Corp., Harrison, N. J. 
Armstrong Bros. Mfg. Co., Chicago, Il. 
Davis Boring Tool Div., St. Louis, Mo. 
Elk Tools. Incorporated, New York 7, М. Y. 
The Gairing Tool Co., Detroit 32, Mich. 
Russell Boring Bar Co., Middletown, 

о 


BEARINGS, Ball 
Abbott Ball Co., Hartford, Conn. 
Ahlberg Bearing Co., Chicago, Ill. 
McGill Mfg. Со. Valparaiso, Ind. 
ERE ai Precision Bearings, Inc., Keene, 


New Departure Div., Bristol, Conn. 
Norma-Hoffman Corp., Stamford, Conn. 


L. C. Smith Bearings Co., Chicago, Hi. 


BEARINGS, Roller 
Ball & Roller Bearing Co., Danbury, Conn. 
McGill Mfg. Co., Inc., Valparaiso. Ind. 
Shafer Bearings Corp., Chicago, Ill. 
L. C. Smith Bearings Co., Chicago, Ill. 
Timken Roller Bearing Co., Canton, Ohio 
Tyson Bearing Corp., Massilon, Ohio 


BEDHOOKS 
The Ohio.Nut & Washer Co. 
Mingo Junction, Ohio 

BELT FASTENERS AND LACINGS 
Armstrong-Bray & Co., Chicago, Ill. 
Clipper Belt Lacer Co., Grand Rap., Mich. 
Shippert Mfg. Co., Dixon, Ill. 


BELTS AND BELTING 
Chicago Belting Co., Chicago, Ill. 
Graton & Knight, Worcester, Mass. 
Missouri Belting Co., St. Louis, Mo. 
ee Mfg. Co., Inc., Indianapolis 6, 
nd. 


BELT DRESSING 
Rockwood Mfg. Co., Inc., Indianapolis 6, 
Ind. 


“BELT-Pull” 
Rockwood Mfg. Co., Inc., Indianapolis 6, 
nd. 


BENCHES, Factory 


Lyon Metal Prod. Inc., Aurora, ПІ. 
Pollard Bros. Mfg. Co., Chicago 30, Ill. 
Standard Presser Steel, Jenkintown, Pa. 


BENDING MACHINES, Band and 


Power 
Black Hawk Mfg. Co., Milwaukee 1, Wis. 
Buffalo Forge Co., Buffalo, N. Y. 
Cleveland Crane & Engr. Со., Wickliffe, О. 
Excelsior Tool & М. Co., E. St. Louis, Ill. 
Hossfeld Mfg. Co., Winona, Minn. 
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the cone down as shown inFig. 10 until the end of it just about touches 
the surfaces to be joined. Do not make the mistake of bringing the 
tip of the torch to the metal—hold the torch so that the end of the 
cone just LICKS the surface. 





As the bottom of the metal melts together, the welding rod is 
brought down until it touches that spot and a Small portion of it is 
melted while it is in contact with the material, as in Fig. 11,. 


Now, we fuse this small portion to the material by a short circular 
motion, making sure that the flame actually comes in contact with 
every portion of it and that it is thoroughly fused to the material and 
that it has penetrated. As we finish the circular motion, we start 
melting the spot immediately adjoining. 





Continued on next page. 
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BENDING ROLLS 
Marshalltown Mfg. Co., Marshailtown, Ia. 
анара Масһ`пе & Tool Works, Buffalo 


IN. Y. 
‘Rock River Mach. Co., Chicago, Ill. 
BITS 


ELK TOOLS, INC. 
71 West Broadway 
New York 7, N. Y. 


BLADES, Band and Hack 
Amer. Saw & Mfg. Co., Springfield, Mass. 
Armstrong-Blum Mfg. Co., Chicago, Ill. 
E. C. Atkins Co., Indianapolis, Ind. 
W. О. Barnes Со., Detroit, Mich. 
Canewell Mfg. Со. Hartford, Conn. 
Clemson Bros., Inc.. M'ddletown, М. Y. 
Henry С аы & Sons, Inc., Philadelphia 
‚ Ва. 
Diamond Saw Works, Inc., Buffalo 2, М. Y. 
Do-Al! Company, Des P'ajnes, ПІ. 
Forsberg Mfg. Co., Bridgeport, Conn, 


u^ x. Graham & Co., Inc., New York 8, 


G. W. Griffin Co., Franklin, N. H. 


Miller Falls Co., Greenfield, Mass. 
Napier Saw Works, Middletown. N. Y. 


Fayetie R. Plumb, Inc. Philadelphia, Pa. 
Simonds Saw & Steel Co., Fitchburg, Mass. 
Spartan Saw Works, Springfield, Mass. 
fhe І. S. Starrett Со. Athol, Mass. 


H. G. Thompson Sons, New Haven, Conn. 
Victor Saw Works, Middletown, ЇЧ. Y. 


BLOWERS AND BLOWER SYSTEMS 
American Air Filter Co., Louisville, Ky. 
C. F. Berg & Co., Boston, Mass. 

The Herman Nelson Corp., Moline, Ill. 
Kirk & Blum, Cincinnati, Ohio 
Schwitzer-Cummins Со., Indianapolis, Ind. 

BLOWER AND SUCTION CLEANERS 
Breuer Electric Со. Chicago, Iii. 

Ideal Commut’r. Dress. Со. Sycamore, Ill. 
Skilsaw, Inc., Chicago, Ill. 


BLOW TORCHES 
Clements Mfg. Co., Chicago, Ill. 
National Safety Device Co., Chicago, Ill. 
Torit Mfg. Co., St. Paul, Minn. 


BLUE PRINT HOLDERS 
Guedon Со. Audubon, N. J. 


BOILERS Р Р 
Combustion Engineering Со., Іпс., New 
York City, N. Y. 
Nooter Corp., 3t. Louis 4, Mo. 
BOLTS (See SCREWS AND BOLTS) 
Banner Mach. Tool & Supply Co., 
St. Louis 7, Mo. 
St. Louis Screw & Bolt Co., St. Louis, Mo. 
BOLT AND NUT MACHINERY 
Landis Machine Co., Waynesboro, Pa. 
Peliow Machine Co., Detroit, Mich. 
BORING AND DRILLING MACHINES 
Champion Blower & Forge Co., Lancaster, 
a 


Ex-Ceil-O Corp., Detroit, Mich. 
ii d Engineering Co., Detroit 4, 
с 


їсһ. 

New Britain-Gridley Machine Div. of New 
Britain Machine Co, New Britain, 
Conn. 

Stokerunit Corp. Milwaukee, Wis. 

Universal Boring Mach., Hudson, Mass. 

BORING HEADS 

Acme Tool Co., New York, N. Y. 

Flynn Mfg. Co., Detroit, Mich. " 

Lovejoy Tool Co., Inc., Springfield, Vt. 

Pacific Tool & Sup. Co., Los Angeles, Cal. 

Precision Tool Co., Brooklyn, N. $ 

Rickert-Shafer Со., Erie, Ра. 


BORING MILLS, Bench Model 


BORING MILLS, Bench Model 
Horizontal 


те Boring Machine Со. St. Louis, 
о. 


BORING TOOLS 
Adamas Carbide Corp., Harrison, N. J. 


Armstrong Bros. Tool Co., Chicago, Ill. 

Bokum Tool Co., Detroit, Mich. 

Davis Boring Tool Со.. St. Louis, Mo. 

The Gairing Tool Co., Detroit 32, Mich. 

Russell Boring Bar Co. Middletown, Оһо 

Van Norman M. Tool, Springfield, Mass. 

BORING AND TURNING MILLS 

Cincinnati Planer Co., Cincinnati, Ohio 

Ganey Machinery Co., Buffalo, N. Y. 

The New Britain Machine Co., New 
Britain, Conn. j 

Lucas Machine Div. of The New Britain 

Machine Co., New Britain, Conn. 

New Britain-Gridley Machine Div. of New 
Britain Machine Co, New Britain, 
Conn. 

King Machine Tool Div, of American Steel 
Foundries. Cincinnati 29, Ohio 

Yoder Sales Co., Cleveland, Ohio: 

BRAKES, Hand and Power 
Dreis & Krump Mfg. Co., Chicago, Ill. 
Excelsior Tool and Machine Co., East St. 
Louis, Ill 
O'Neil-Irwin Mfg. Co., Minneapolis 


United States Steel Supply Co., Chicage 

; 111; 

United States Steel Corp. Subsidiary 

Verson Allsteel Press Co., Chicago, Ill. 

Whitney Metal Tool Co., Rockford, Ill. 
BROACHES, Keyway 

East Shore Mach. Prod. Co., Cleveland, O. 
BROACHING MACHINES 

Amer. Broach & Mach. Со. Ann Arbor 

Colonial Broach Co., Detroit, Mich. 

Detroit Broach Co., Detroit, Mich. 

East Shore Mach. Prod. Co., Clevelana, O. 

National Broach & Mach., Detroit, Mich. 

Oilgear Corp., Milwaukee, Wis. 

The du Mont Corp., Greenfield, Mass. 
BUFFING AND POLISHING 

Standard Elec. Tool Co., Cincinnati, O. 


Vormegut Meulder Corp. Indianapolis 2, 
nd. 


BULLDOZERS 
Beatty Mfg. & Mach. Co., Hammond, Ind. 
Rock River Mach. Co., Chicago, Ill. 


BUSHINGS, Brass and Bronze 
Bunting Brass & Bronze Со., Toledo, О. 
Federal-Mogul Corp., Detroit, Mich. 
Johnson Bronze Co.. New Castle, Pa. 
Keystone Carbon Co., St. Marys, Ра. 
Phosfer Bronze Smelt. Co., Philadelphia 

BUSHINGS, Drill 
W. F. Meyers Co., Inc., Bedford, Ind. 

CALIPERS. 


Banner Mach. Tool & Supply Со.. 
St. Louis 7. Mo. 


Belf & Lustig, New York, N. Y. 

Brown & Sharpe Mfg. Co., Providence 

Federal Products Corp., Providence 1, R. I. 

Guedon Co., Audubon, N. J, 

Lufkin Rule Co., Saginaw, Mich. 

Park Sales Co., New York, N. Y. 

The L. S. Starrett Co., Athol, Mass. 
CARBIDE, Tipped Reamers 

Wendt-Sonis Со, Hannibal, Mo. 
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Unlike cast iron, steel does not remain a liquid—it solidifies almost 
the instant the flame is removed, and it is for this reason that we are 
able to weld it in a vertical or overhead position, а5 well as horizontal. 


If there is an excess of sparks, the flame is improperly adjusted 
and contains an excess of oxygen. If the metal melts too rapidly and 
is difficult to control, the tip is too large. If it does not keep in fusion 
and there is difficulty in getting the welding rod material to actually 
fuse to the article, the tip is too small. The beginner will be troubled 
with the welding rod sticking to the metal—don't attempt to pull it 
away; let it stay here until it is necessary to melt a portion of it in 
the weld. 






GAS PRESSURE FOR CUTTING “ар 
WITH TYPE L AND M CUTTING TORCHES 
Acetylene Oxygen | 














Thickness 
of Metal. 
Inches 








Oxygen 
Press., Lbs. 


| Acetylene 
Press., Lbs. 
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NOTE:—Consumption of gases given above was taken with flow 
indicator and estimated for continuous operation of the torch. These 
figures will seldom be reached in actual practice and are intended for 
estimating purposes only. 

LIGHTING THE TORCH 

Above table gives the approximate pressure of both Acetylene and 
Oxygen for cutting different thicknesses of metal. This, however, can 
only be used as a guide, as metal will rust on its surface, or metal 
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CARBIDE, Tool Bits 

Wendt-Sonis Co. Hannibal, Mo. 
CATERPILLAR TRACTOR 

Caterpillar Tractor Co., Peoria, Ill. 
CENTERS 

Pratt & Whitney, West Hartford, Conn. 


CENTERING MACHINES 
Ex-Cell-O Corp., Detroit, Mich. 
Jones & Lamson Co., Springfield, Vt. 
Pratt & Whitney, West Hartford, Conn. 
Sundstrand Mach. Tool Со,, Rockford, Ш. 
CHAIN DRIVES 
Cullman Wheel Co., Chicago, Ill. 
Morse Chain Co., Ithaca, N. Y. | 
Potter & Johnston Co , Pawtucket, В. I. 
Whitney Mfg. Co., Hartford, Conn. 


CHEMICALS’ 


Du Pont De Nemours & Co., Inc., E. L 
Chemical Products, Wilmington, Del. 


Mallinckrodt Chemical Works, Industrial 
Chemicals, St. Louis, Mo. 


Monsanto Chemical Co. Chemicals & 
син Serving Industries, St, Louis, 
Mo. 


CHESTS, Tcol 
H. Gerstner & Sons, Dayton, Ohio 
The Vanderman Mfg. Co. Willimantic, 
Conn. 
CHISELS 
Banner Mach. Tool & Supply Co., 
St. Louis 7, Mo. 
Delaware Tool Steel Corp., Wilmington 99, 
Delaware 
Millers Falls Со. Greenfield, Mass. 


CHISELS, Carpenter 
Winsted Edge Tool Works, Winsted, Conn. 


CHUCKING MACHINES 

Bell Machine Co ' snkosh. Wis. 

J. W. Bullard Co., Bridgeport, Conn: 

Foster Machine Co., Elkhart, Ind. 

Gisholt Machine Co.. Madison 10, Wis. 

Jones & Lamson Co., Springfield, Vt. 

The New Britain Machine Co.; Néw 
Britain, Conn. Эу, 

Lucas Machine Div. of The New Britain 

Machine Со. New Britain, Conn. 

New Britain-Gridley Machine Div. of New 
Britain Machine Co, New Britain, 
Conn. 

Petter & Johnston Со, Pawtucket, R. I. 

Sundstrand Mach. Tool Co., Rockford, Ill. 
CHUCKS, Air 

Cushman Chuck Co., Hartford, Conn: 

Gisholt Machine Co.. Madison 10, Wis. 

Hannifan Mfg. Co.. Chicago», ПІ, 

Leiman Bros, Inc, Newark 5, N. J. 

Logansport Machine Со., Inc., Logansport, 
n 

Skinner Chuck Co., New Britain, Conn. 
CHUCKS, Drill and Tap 

Alco Tool Co., Bridgeport. Conn. 

T. В. Almond Mfg. Co., Ashburnham, Mass. 

Chicago Tool & Engr. Co., Chicago, Il. 

Erickson Steel Co., Cleveland, Ohio 

Ettco Tool Co., Brooklyn, N. Y. 

Jacobs Mfg. Co., Hartford, Conn. 

"The Kett Tool Co., Cincinnati 2, Ohio 

K. O. Lee & Son, Aberdeen, S. D. 

Modern Tool Works, Rochester, N. Y. 

Motor Tool Mfg. Co., Detroit, Mich. 

Procunier Safety Chuck Co., Chicago, Ill 


CHUCKS, Lathe 
T. R. Almond Mfg. Co., Ashburnham, Mass. 
Gisholt Machine Co.. Madison 10, Wis. 
L-W Chuck Co., Toledo, Ohio 
Morrison Mach. Prod. Div., Elmira, N. Y. 
Skinner Chuck Co., New Britain,’Conn. . 
Thomas Hoist Co., Chicago, Ill. 
Universal Engr. Co., Frankenmuth, Mich. 
Westcott Chuck Co., Oneida, N. Y. 


AIR-OPERATED CLAMPS 
Lapeer Mfg. Co., Lapeer, Mich. 


CLAMPS AND CLAMPING DEVICES 
Armstrong Bros. Tool Co., Chicago, Ill. 
Batavia Clamp Co., Batavia, N. Y. 
Brownie Mfg. Corp., Huntington, Ind. 
Cincinnati Tool Co., Cincinnati, Ohio 
Detroit Stamping Co., Detroit, Mich. 
Grand Specialties Со. Chicago 22, Ill. 
Lapeer Mfg. Co., Lapeer, Mich. 

Howell Clamp Co., Cleveland, Ohio 


K-O Products Co., Benton Harbor, Mich. 
Mead Specialties Co., Chicago, Ill. 


Richards’ Industries, Inc, Grand Rapids 
5, Mich. 


Rivett Lathe & Grinder Со. Boston, Mass. 
пашла бишек Steel Supply Co., Chicago 


United States Steel Corp. Subsidiary 
Sales Service Machine Tool Со. Saint 
Paul W4, Minn. 


CLUTCHES 
Brown Engineering Co., Reading, Pa. 
Carlyle Johnson M. Co., Manchester, Con. 


Г. W. Carroll Mfg. Со. Norwood, Cincin- 
nati, Ohio 


Conway Clutch Co., Cincinnati, Ohio 
Twin Disc Clutch Co., Racine, Wis. 


COLLETS 
Brown & Sharpe Mfg., Providence, R. I. 
Hardinge Bros. Inc., Elmira, N. Y.. 
Chas. L. Jarvis Co., Middleton, Conn. 
Modern Collet & Mach. Co., Ecorse, Mich. 
Rivett Lathe & Grinder Co., Boston, Mass. 


SUTTON TOOL COMPANY 
Sturgis, Michigan 
Collets—Feeders—Collet Chu 
and standards for all makes o 


COMPRESSORS, Air 
Chicago Pneu. Tool Co., New York, N. Y. 
Curtis Pneu. Mchy. Co., St. Louis, Mo. 
Hobart Bros. Co., Troy, Ohio 
Ingersoll Rand Co., New York, N. Y. 


CONTRACT WORK 

Amer. Pattern & Model Co., St. Louis, Mo. 
Ballak & Company, St. Louis, Mo. 

Friede Welding Co., St. Louis, Mo. 
Hartford Spec. Machy. Co.. Hartford 
Jefferson Mach. Tool Co., Cincinnati, O. 
Liberty Foundry Co., St. Louis, Mo. 
Libertv Tool & Gage Wks., Providence 
Mack Specialty Co.. St. Louis, Mo. 

Peters Tool Co., Milwaukee, Wis. 

Quality Tool & Die Co, Indianapolis, Ind. 
-Severance Tool Mfg. Co., Saginaw, Mich. 


Swanson Tool & Machine Products, Inc., 
Erie, Pa. у 

Taylor Machine Co., Cleveland, Ohio 

Westlof Tool & Die Co., Detroit, Mich. 

Wittek Mfg. Со. Chicago. Ill. 


CONTROLS AND CONTROLLERS 
Acme Industrial Co., Chicago, Ill. 
Clark Controller Co., Cleveland, Ohio 


General Electric Со.. Schenectady, М. Y. 
Continued 


s—specials 
machines. 
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Fig. 12 


Hold the torch as illustrated in Figure 12 to one corner of the 
plate to be cut. When this corner becomes red, open the oxygen cutting 
valve by pressing down with the thumb. The steel will immediately 
begin to burn and assume an incandescent heat. The torch must now 
be moved evenly along the line of cut to maintain this incandescent 
heat. If the torch is moved too slowly or if moved too fast you will 
lose this heat and the torch will cease to cut. It is then necessary to 
turn off the oxygen cutting valve and heat up the end of the cut to 
the bright red heat and begin over. Beginners as a rule have some 
trouble, as it requires some practice to move the torch at even pace. 


Figure 26 illustrates the wrong method of cutting. It will be noted 
that the sparks instead of flying directly downward are turned at an 
angle, showing that the cut is not going through the metal. This also 
causes а part of the molten metal and flame to be blown against the 
torch, and will cause trouble. 


The torch head should also be inclined about 5 degrees from the 
perpendicular to the reverse direction of the cut. This partly over- 
comes the trouble in Figure |3 and leaves straighter lines on the sides 
of the curf. 


Figure 14 illustrates the torch working properly and cutting en- 
tirely through the metal. Always be sure that this is done and you 
will have no trouble. 


Sometimes it is necessary to start a cut in the middle of a sheet. 
It is then well to hold the preheating flame within about % of an 
inch of the metal until it becomes red, then lift the torch slightly and 
turn on the Oxygen Cutting Valve. The Steel will immediately begin 
to burn and the hole will soon be through. This is also to be followed 
when it is necessary to cut one sheet riveted on to another. 


Always see that the surface of the metal is as clean as possible 
before attempting to cut it. Old boilers especially should be struck 
sharply with a hammer along the line of proposed cut, in order to 
loosen the scale which adheres to the inside. 
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CONTROLS AND CONTROLLERS 
Ee add Machine Со., Inc., Logansport, 
n 


Vickers Incorporated, Detroit, Mich. 
Westinghouse Elec. Co., E. Pittsburgh, Pa. 


COUNTERBORES & COUNTERSINES 
Aero Tool Co., Los Angeles 3, Calif. 
Cleveland Twist Drill Co., Cleveland, Ohio 
Gairing Tool Со., Detroit, Mich. 

J. С. СЛепхег Co., Detroit, Mich. 
Midwest Tool & Mfg. Co., Detroit, Mich. 
National Twist Drill Co., Detroit, Mich. 
Putnam Too! Co., Detroit, Mich. В 
Severance Tool Mfg. Co., Saginaw, Mich. 


COUNTING DEVICES : 


Durant Mfg. Со. Milwaukee, Wis. 
Veeder Root, Inc., Hartford, Conn. 


COUPLINGS | | 
Guardian Utilities Co., Michigan City, Ind. 
Loveioy Flex. Coupling Co., Chicago ш. 


мире Boring Machine Со., St, Louis, 
o. 


Smith Power Transmission Co., Cleveland 


CRANES 
Shaw Box Crane & Hoist, Muskegon, Mich. 


CUT-OFF MACHINES 
Boice Crane Co., Toledo, Ohio 
Catskill Metal Works, Catskill, N. Y. 
Delta Mfg. Co., Milwaukee, Wis. 
DeWalt, Inc., Lancaster. Ра. А 
Modern Mach. Tool Co., Jackson, Mich. 
Porter-McLeod Mach. Tool Co., Hatfield 
Rickert-Shafer Cò., Erie, Ра. | . 
Tannewitz Works, Grand Rapids, Mich. 
Walker-Turner Co., Plainfield, N. J. 


CYLINDERS, Air 
ANKER-HOLTH MANUFACTURING CO. 
2723 Conners St. 
Port Huron, Mich. 
Air Cylinders, 
Any bore, stroke, or mounting. 


Bell Machine Co., Oshkosh, Wis. 

Galland-Henning Mfg. Co., Milwaukee. 

Hannifin Mfg. Co.. Chicago, Ill. 

ыы Machine Со., Inc., Logansport, 
n 

Tomkins-Johnson Co., Jackson, Mich. 


ANKER-HOLTH MANUFACTURING CO. 
2723 Conners St. 
Port Huron, Mich. 
Hydraulic Cylinders. Any bore, stroke, or 
mounting available up to 5000 PSI. 
CYLINDERS, Hydraulic 
ANKER-HOLTH MANUFACTURING CO. 
2723 Conners St. 
Port Huron, Mich. 


Hanna Engineering Wks., Chicago, Ill. 
Mic: ^ ans Machine Co., Inc., Logansport, 
n 


CYLINDERS, Welding 
Independent Eng. Co., O'Fallon, Ill. 


DEMAGNETIZERS 
Alofs Mfg. Co., Grand Rapids, Mich. 
R. B. Annis Co., Indianapolis, Ind. 
Electro-Matic Prod. Co., Chicago, Ill. 
Luma Elec. Equip. Co.. Toledo. Ohio 


Welch Industries, Inc. Colorado Springs, 
Colo. 


Rotating — Non-RÉtating. 
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DIALS 
Miller Dial & Name Plate Со. Los Ап- 
geles 21, Calif. 


DIAMONDS AND DIAMOND TOOLS 
Abrasive Dressg. Tool Co., Detroit, Mich. 
Acme Diamond Tool Co., New York, N. Y. 
Diamond Tool Co., Chicago, Ill. 

Doebei Diamond Tool Co., Detroit, Mich. 
Golconda Diamond Prod. Co., Chicago, Ill. 
E. Karelsen, Inc., New York, N. Y. 

J. K. Smit & Sons, New York, N. Y. 


Willeys Carbide Tool Co., Detroit. Mich. 


DIE CUSHIONS 
Dayton Rogers Mfg. Co., Minneapolis 
Verson Allsteel Press Co., Chicago, Ill. 


DIE, Guide 

Lassy Tool Corp. Plainville, Conn. 
DIE FILERS 

Armglo Company, Milwaukee, Wis. 
DIE HEADS 


Modern Tool Works, Rochester, N. Y. 
Murchey Mach. & Tool Co., Detroit, Mich. 
Rickert-Shafer Co., Erie, Pa. 


DIE MAKING MACHINES 
Continental Machines, Inc., Minneapolis 
Foley Mfg. Co., pee Minn. 
Fray Mach. Tool Co., lendale, Calif. 
Hack Machine Co., Desplaines, Ill. 
Harvey Mfg. Co., New York, N. Y. 
Kearnev & Trecker Corp. Milwaukee 


Pratt & Whitney, West Hartford, Conn. 


DIE AND ТАР SETS 
Baumbach Mfg. Co., Chicago, Ill. 
Danly Mach. Specialties, Cicero, Ill. 
Greenfield Tap & Die, Greenfield, Mass. 
Producto Machine Со.. Bridgeport, Conn. 


DIES, Threading 
Banner Machine Tool Co., St. Louis, Mo. 
Champion Blower & Forge Co., Lancaster, 
a 


E. Mach. Screw Corp., New Haven, Conn. 
Geometric Tool Со. New Haven Conn. 
'Greenfield Tap & Die Corp., Greenfield 
National Acme, Cleveland, Ohio 
Rickert-Shafer Co., Erie, Pa. 


Winter Bros. Co. Wrentham, Mass. 


DIES. Thread Rolling 
Reed, Roller Thread Die Co., Worchester 2, 
ss. 


DIVIDING HEADS 
Wm. Carroll & Son, Cincinnati, Ohio 
Hart Machine Co., Boston, Mass. 
Jefferson Mach. Tool Co., Cincinnati, O. 
W. B. Knight Machy. Co., St. Louis, Mo. 
N. Britain T. & Mfg.. New Britain, Conn. 


Nichols-Morris Corp., 
50 Church Street, New York 7, N. Y. 


DOWEL AND ASSEMBLY PINS 
Acme Industrial Co., Chicago, Ill. 
The Helm Co., Fairfield, Conn. 


DRAWING KNIVES, Carpenter 
Winsted Edge Tool Works, Winsted, Conn. 


DRESSERS 
Carboloy Co., Detroit, Mich. 
Desmond-Stephan Mfg. Co., Urbana, Ohio 
E. Karelsen, Inc., New York, N. Y. 


K. O. Lee & Son, Aberdeen, S. D. 

м & S Dresser Co., Hartford, Conn. 

W. F. Meyers Co., Inc., Bedford, Ind. 
Vincent Steel Prod. Co., Detroit, Mich. 
Welch Industries, Inc., Detroit, Mich. 
Western Tool & Mfg. Co., Springfield, О. 
Willeys Carbide Tool Co., Detroit, Mich. 
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DRILLS 


Banner Mach. uM & Supply Со.. 
St. Louis 7, 
Cleveland На "brin Co., Cleveland, Ohio 


National Twist Drill Co., Detroit, Mich. 
Standard Tool Co., Cleveland, Ohio 


DRILL GRINDERS 
Edw. Blake Co., Newton Centre, Mass. 


DRILLING HEADS 
“Atlas Press Co., Kalamazoo, Mich. 
Boice Crane Co., Toledo, Ohio 
J. F. Buhr Mach. Tool, Ann Arbor, Mich. 
Dorman Machine Works, New York, N. ы 
Errington Mach. Lab., Staten Island, N. 


Linderme Mach. & Tool Co., Detroit, Mick: 


Reed-Prentice Corp., Worcester, Mass. 
B. M. Root Со., York, Pa. 


DRILLS, Portable and Hand 
Albertson & Co., Sioux City, Iowa 
Aro Equipment Corp., Bryan, Ohio 
Black & Decker Со. "Towson, Md. 
Buckeye Tools Corp., Dayton, _ Ohio 
‘Chicago Pneu. Tool Co., New York, ЇЧ. Ү. 
Cincinnati Elec. Tool Co., Cincinnati, O. 
Dumore Company, Racine, Wis. 
Gaston Power Tools, Evergreen Pk., Ill. 
Indenendent Pneu. Tool Co.. Chicago. ul. 


Keler Tool Co., Grand Haven, Mich, 

K. O. Lee & Son, Aberdeen, S. D. 
Millers Falls Co., Greenfield, Mass. 

The Rotor Tool Co., Cleveland 12, Ohio 
Skilsaw. Inc., Chicago, Ill. 

Speed Way Mfg. Co., Cicero 50, Ill. 


Stanley Works, New Britain, Conn. 
U. S. Elec. Tool Co., Cincinnati, Ohio 


United. States Steel Supply Co., Chicago 


United States Steel Corp. Subsidiary 
"Wodack Klec. Tool Corp., Chicago, 111. 


. DRILLS, Radial . 
Amer. Tool Works, Cincinnati, Ohio 


DRILLS, Single and Multiple 
Atlas Press Co., Kalamazoo, Mich. 
Avey Drilling Mach. Co., Cincinnati, O. 
Barnes Drill Co., Rockford, Ill. 
ІВоісе-Сгапе Со. Toledo, Ohio 
‘Buffalo Forge Co., Buffalo, N. Y. 
Canedy-Otto Mfg. Co., Chicago Hts., Ш. ; 
Cincinnati Bickford Co., Cincinnati, Ohio: 
Foote-Burt Co., Cleveland, Ohio 
Hamilton Tool Co., Hamilton, Ohio 
Leland-Gifford Co., Worcester, Mass. 
McDonald Machinery Co., St. Louis, Mo. 
(See Adv. under Lathes) 
Production Mach. Co., Greenfield, Mass. 
B. M. Root Co., York, Pa. 
Sellew Mach. Tool Co., Pawtucket, qr I. 
Walker-Turner Co., Plainfield, N. 


RILE ROD 
be 1 Ж. мда Steel Supply Со., Chicago 
United States Steel Corp. Subsidiary 


DRIVES, Machine Tool 
Berkeley Equipment Co., Corry, Pa. 
Cullman Wheel Co., Chicago, Ill. 
Drive-All Mfg. Co., Detroit, Mich. 
Given Machy. Co., Los Angeles, Calif. 
Lima Elec. Motor Co., Lima, Ohio 
Reeves Pulley Co.. Columbus, Ohio 
Remco Prod. Corp., York, Pa. 
Smith Power Transmis'n, Cleveland, O. 
Steege Elec. & Machy. Co.. Chicago. Ill. 
Torq Elec. Mfg. Co., Cleveland, Ohio 
Turner Uni-Drive Co., Kansas City, Mo. 


DUST COLLECTORS 
Acme Tool Co., New York, N. Y. 
Aget-Detroit Co., Detroit, Mich. 
American Air Filter Co.. Louisville, Ky. 
С. F. Berg & Co., Boston, Mass. 
Covel Mfg. Co., Benton Harbor, Mich 
Kirk & Bium, Cincinnati. Ohio 
Leiman Bros. Inc, Newark 5, N. J. 


Torit Mfg. Co., St. Paul, Minn. 


ENGINEERS, Mechanical 
Hankins & Trapnell Richmond, Va. 


ENGRAVING MACHINES 


AUTO ENGRAVER CO. 


Ridgefield. Cenn. 
Two and three dimensional Pantograph 
Engraving Machines. Bench and Portable 
Models Tracer controlled contour milling 
and profiling machines. 


Brewster-Squires Co., New York, N. Y. 
Dremel Mfg. Со. Racine, Wis. 


Preis Engraving Mach. Co., Néwark, N. J. 


EXHAUST, Fans 
Robbins & Myers, Inc., Springfield, Ohio 
‘Schwitzer-Cummins Со. Indianapolis, Ind. 


FACERS, 5001 


The Gairing Tool Co., Detroit 32, Mich. 


Genesee Mfg. Со, Inc. Rochester, N. Y. 
Midwest Tool & Mfg. Co., Detroit, Mich. 
Putnam Tool Co., Detroit, Mich. 


FANS, Air Circulators 
BALDOR ELECTRIC CO. 


Saint Louis 10, Mo. 
Electrical Specialists Since 1920 
FANS 


Baldor Elec. Co., St. Louis, Мо. | ~ 

Robbins & Myers, Inc., Springfield, Ohio 
FANS, Exhaust 

Robbins & Myers, Inc., Springfield, Ohio 

Schwitzer-Cummins. Co. Indianapolis, Ind. 


FILES, Hand 
American Swiss File & Тао! Co. Eliza- 
beth 1, N. J. 
E. <. Atkins Co., Indiana olis, Ind. 
Banner, Machine & Tool о., St. Louis, Мо. 


Delta File Co., Philadelphia, Pa 
Henry Disston & Sons, Inc. Philadelphia 


Ра 
и File Co., Providence, В. І. 
‘Fayette R. Plumb, Inc. Philadelphia, Pa. 
Severance Tool Mfg. Co., Saginaw, Mich. 
Simonds Saw & Steel Co., Fitchburg, Mass. 


FILES, Rot 
Delta File Co., Philadelphia, Pa. 
Henry Disston & Sons, Inc. 
| 33, БА S, Inc., Philadelphia 
Graham Rotary File & Tool Corp., Phil- 
: adelphia, Pa 
‘Grobet File Co., New York, М. У. 
Hamilton Tool Co., Hamilton, Ohio 
Chas. L Jarvis Co. Middletown, Conn. 
Fayette R. Plumb, Inc. Philadelphia, Pa. 
Pratt & Whitney, West Hartford, Conn. 
Severance Tool Co., Siew, Mich. 
М. A. Strand & Co., Chicago, Ill. 
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Cast Iron Cutting is rapidly taking it's position in industry and daily 
directly saves many dollars and hours of time. It is now universally 
recognized as practical and the following brief outline will serve to 
acquaint the unskilled operator with the fundamental points to follow 


APPLICATION 


The application of cast iron cutting, while comparatively new, has 
already spread itself over so broad a field that it requires too much 
space to describe it thoroughly. However it is fair to say that it 
follows the cutting of steel in general with it's principle virtues of 
speed and portability. It has been particularly effective in the cutting 
up of heavy cast iron scrap, such as heavy flywheels, etc., which unless 
reduced to convenient size would be worthless and very inconvenient 
to handle. Considerable saving is produced as the process can be 
applied where а great many other methods are impossible. Removal 
of large gears and pulleys from shafts is also a very common use. It 
also lends itself admirably in the preparation of large cast iron welds 
in the welding shop. 


COST 


The cost of cast iron cutting as compared with that of steel, is con- 
siderably more, due of course, to the nature of material cut. It is 
much slower and naturaily more gas is consumed per unit of cut, how- 
ever, this does not limit it’s application since it still offers the cheapest 
and quickest possible method in a great many instances. 


EQUIPMENT 


Cast Iron Cutting like à great many other valuable processes was 
slow to gain popularity on account of certain drawbacks. These drawbacks 
in the main consisted of two, about equally divided, namely, a general 
lack of knowledge of the art and a suitable torch. ‘Today there are 
a great many skilled operators as well as а number of efficient torches 
which have the necessary pep or capacity so necessary for this work. 


CUTTING DEPENDS ON COMPOSITION OF CAST IRON 


To intelligently describe this process, we must first consider the 
nature of cast iron from two angles. Since it has such a wide range 
of use, it is natural that we may expect a wide difference in quality 
or chemical composition and a corresponding difference in ease of 
cutting. The better grades of castings such as are machined are more 
easily cut and those made of random grades of scrap such as counter- 
weights, gratebars, floorplates, etc., present greater difficulty, requiring 
more gas, а wider kerf, and a corresponding slower rate of cutting speed. 
Different thickness is also a factor which will be considered later under 
heading of instructions. 


PREPARATION 


There is а rule for heavy steel cutting, which certainly applies in 
every way to cast iron cutting and that is DO NOT START THE CUT 
UNTIL YOU ARE CERTAIN THAT YOU CAN COMPLETE IT. It is 
obvious that if the cut is stopped on a heavy section, that it is extremely 
difficult to start it again and may doubly increase the cost as well as 
the annoyance. Considerable more heat as well as sparks and slag 
are generated in cast iron so that proper protection to the body, face, 
and limbs is necessary. Asbestos gloves are essential and a fire brick 
or suitable torch rest is desirable. 
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FILING MACHINES 
All American Tool & Mfg. Co., Chicago 14, 


Armglo Company, Mılwaukee, Wis. 
Continental Mach., Inc., Minneapolis. 
H. & H. Research Co., Detroit, Mich. 
Keller Tool Co., Grand Haven, Mich, 


Postel Filing Mach. Co., Minneapolis 


FILTERS, Air 
Aget-Detroit Co., Detroit, Mich. 
American Air Filter Co., Louisville, Ky. 
M-B Products, Detroit, Mich. 
C. A. Norgren Co., Denver, Colo. 
Sterling Tool Prod. Co., Chicago, Ill. 


FIRST AID 


E. D, Bullard Company, 
Calif. 


FLATING, STAMPING & FIRST 
OPERATIONS BLANKS 


The Ohio Nut & Washer Co. 
Mingo Junction, Ohio 


FLEXIBLE SHAFT EQUIPMENT 
Acme Tool Co., New York, N. Y. 
Dumore Co., Racine, Wis. 

Foredom Elec. Co., New York, N. Y. 

R. G. Haskins Co., Chicago, Ill. 

Pratt & Whitney, West Hartford, Conn. 
Stow Mfg. Co., Binghàmton, N. y. 
White Dental Mfg. Co., New York, N. Y. 
Wyzenbeek & Staff, Chicago, Ill. 


FORGES 
Buffalo Forge Co., Buffalo. N. Y. 
Diamond Iron Works, Minneapolis, Minn. 
Johnson Gas Appl. Co., Cedar Rapids, Ia. 


FURNACES, Heat Treating 
Amer. Elec. Furnace Co., Boston, Mass. 
Amer. Gas Furnace Co., Elizabeth, N. J. 


Bennett Ins. Steel Trtg. Co.. Newark, N. J. 
Delaware Tool Steel Corp., Wilmington 99, 


Delaware 
Despatch Oven Co., Minneapolis, Minn. 
Electric Furnace Co., Salem, Ohio 
Hevi Duty Elec. Co.. Milwaukee, Wis. 
Stark Tool Co.. Waltham. Mass 


Thermo Electric Mfg. Co., Dubuque, Iowa 
Upton Elec. Furn. Со., Detroit, Mich. 


GAGES, Indicating 
Dearborn Gage Co., Dearborn, Mich. 
Federal Products Corp., Providence 1, R. I. 
Guedon Со. Audubon, М. 7. 
Liberty Tool & Gage Wks.. Providence 
Lufkin Rule Co., Saginaw, Mich. 
Marshalltown Mfg. Со Marshalltown, Ia. 


*Modern Engineering Co., St. Louis, Мо. 
(See Adv. Back Cover) 


Montgomery Engineering Co., Detroit 4, 
Mich. 


J. В. Reich Mfg. Co.. Dayton, Ohio 
Geo. Scherr Co.. New York. N. 
Sheffield Gage Corp.: Dayton, Ohio 
Standard Gage Со.. Poughkeepsie, МУ. 


The L. S. Starrett Со. Athol. Mass. 
Swedish Gage Co., Detroit 4, Mich. 
United Precision Prod. Co.. Chicago. Ill. 


GAGE BLOCKS 
C. E. Johansson Gage Co., Detroit 4, Mich. 


San Francisco, 


GEARS 
Abart Gear & Mach. Co., Cicero, Ill. 
Boston Gear Works, No. Quincy. Mass. 
Brewer Machine & Mfg. Co., St. Louis, Mo. 
Chicago Gear Works, Chicago, Ill. 
Fellows Gear Shaper Co., Springfield, Vt, 
Gleason Works, Rochester, N. Y. 
Greaves Mach. Tool Co., Cincinnati, Ohio 
Ohio Gear Co., Cleveland, Ohio 
Phila. Gear Works. Philadelphia, Pa. 
GEAR CUTTING 
Brewer Machine'& Mfg. Co., St. Louis, Мо. 
GEAR CUTTING MACHINERY 
Barber-Colman Со. Rockford, Ill. 


Fellows Gear Shaper Co., Springfield, Vt, 
Gleason Works, Rochester, NY я 


Hamilton Tool Co., Hamilton. Ohio 
Michigan Tool Co., Detroit, Mich. 


GEAR GUARDS 
Littleford Bros. Inc. Cincinnati 2, Ohio 


GENERAL MACHINE WORK 
Brewer Machine & Mfg. Co., St. Louis, Mo. 


GOGGLES, Safety 


E. D, Bullard Company, 
Calif. 


GOUGES 
Winsted Edge Tool Works, Winsted, Conn. 


GRINDERS, Ball Bearing 


BALDOR ELECTRIC COMPANY 
Manufacturers Electric Motors 
4351-59 Duncan Ave. St. Louis 10, Mo. 
Baldor Ball Bearing Grinders }2 m 
3400 R.P.M., Wheels 7" x 1l" x 58” $60.00. 
A complete line 6" thru 12" 1% HP. thru 


BALDOR ELECTRIC CO. 
Saint Louis 10, Mo. 
Electrical Specialists Since 1920 


San Francisco, 


Valley Electric Corp. 


Manufacturer 
BALL BEARING ELECTRIC 
MOTORS and GRINDERS 


4221-27 Forest Park St. Lauis, Mo. 


GRINDERS, Bench and Stand 
Armglo Com траци, Milwaukee, Wis. 
Atlas Press Kalamazoo, Mich. 
Baldor Electric Co., St. Louis, Mo. 
Brown- Brockmeyer Co., Da yton, Ohio 
Cincinnati Machy. & Su Cincinnati 
Clizbe Bros. Mfg. Co. Plymouth, Ind. 
Cutter Machine Co., St. Louis, Mo. 
Grenby Mfg. Co., Plainville, Сопп. 
Hammond Mchy. Bldrs., Kalamazoo, Mich. 
Hisey-Wolf Mach. Co., Cincinnati, Ohio 
LaSalle Tool Co., Ottawa, Ill. 


K. O. Lee & Son, Aberdeen, S. D. 

The Lima Electric Motor Co., Lima, Ohio 

Keystone Grinder & Mfg. Co., Pittsburgh 
a. 


M-B Products, Detroit, Mich. 
Millers Falls Со. Greenfield, Mass. 


Continued on next page 
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PRESSURE TABLE 
Type L. Standard Cutting Torch 

















Size of Thickness Oxygen Acetylene 
Tip Metal Pressure Pressure 
1" 40 155. 
%” 45 lbs. 
L-3CH que 50 Ibs. 7 to 8 108. 
11" 60 155. 
2” 70 155. 
8” 80 lbs. 
4” 90 lbs. 
6” 110 Ibs. 
L-4CH 8 120 Ibs. 8 to 10 lbs. 
10 150 lbs. 
12 170 lbs. 











CUTTING HINTS 


For cutting the better grades of cast iron or grey iron, set the regula- 
tors to deliver the proper pressure as indicated on the pressure table. 
The regulator adjustment of course is made with the high pressure 
cutting valve open to allow for the customary drop. 


Next light the torch and adjust the preheating flame so that it will show 
an excess of acetylene. This is preferably done with the high pressure 
valve wide open to avoid any change in the character of the flame dur- 
ing the actual cutting operation. This is important. The earcess of 
acetylene as indicated by the length of the white cone must be varied to 
best suit the grade and thickness of the material cut. Experience is 
naturally the best guide on this point, however, it will generally vary 
from little or no excess of acetylene for the extremely light sections to 
an excess as indicated by a white cone of a length of one to two inches 
for the heavier sections cut. 


Due to the higher cost of cast iron cutting it is well to plan the work 
carefully; first to avoid any unnecessary cuts, and also take advantage 
of all helpful hints. As the cutting of cast iron requires a higher 
ignition temperature, some gas can be saved by preheating the heavier 
sections along the line of the start of the cut. 


BRASS AND BRONZE 


Brasses and bronzes are composed of copper, with lower melting 
metals as alloys, zinc, tin, etc. Since these metals have different melt- 
ing points, considerable care must be exercised in welding not to 
change the character of the metal too much by burning out these 
alloys. 


The metal should be prepared the same as any other, with particular 
care in setting up to prevent collapse of the heated area. The metal 
should not be brought to fusion by bringing the cone in contact with 
it, but as with copper, the end of the cone should be slightly above 
the metal. For repair purposes, Tobin Bronze or Manganese Bronze 
should be used for the welding rod—for foundries or in manufacturing 
where the weld must be practically the same color and the same 
material as the metal, more judgment is necessary in the choice of 
the rod, with a view of replacing by means of the material in the weld- 
ing rod those metals burnt out of the line of welding by the flame. 
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GRINDERS, Bench and Stand 
Standard Elec. Tool Co.. Cincinnati, O. 
Rivett Lathe & Grinder Co., Boston. Mass. 
T. C. M. Mfg. Co., Harrison, N. J. 

Valley Electric Corp., St. Louis, Mo. 


Vonnegut Moulder Co., Indianapolis, Ind. 
Walls Sales Corp., New York, 


GRINDERS, Bench Pneumatic 
United States Steel Supply Co., Chicago 
4. ПІ. 


United States Steel Corp. Subsidiary 


GRINDERS, Carbide 
Baldor Electric Co., St. Louis, Mo. 


Willeys Carbide Tool Co., Detroit. 
GRINDERS, Cutter and Tool 


Cincinnati Grinders, Inc., Cincinnati, Ohio 
Cleveland Tool & Eng. Co., Cleveland, O. 
Cutter Machine Co., St. Louis, Mo. 
Gallmeyer & Livingston, Grand Rapids 
Grenby Mfg. Co., Plainville, Conn. 
LeBlond Mach. Tool Co., Cincinnati, Ohio 
K. O. Lee & Son, Aberdeen, S. D. 
McDonough Mfg. Co., Eau Claire, Wis. 


Mico Instrument Co., Cambridge 38, Mass. 


GRINDERS, Drill 
Black Diamond Saw Mach.. Natick, Mass. 
Edw. Blake Со. Newton Centre, Mass. 


Galland-Henning Mfg. Co., Milwaukee, Wis, 


Mich. 


Keystone Grinder & Міє. Со. Pittsburgh 
19, Pa. 
Kokomo Mach. Co., Kokomo. Ind. 


McDonough Mfg. Co., Eau Claire, Wis. 


Montgomery Engineering Co., Detroit 
Mich. 

Standard Elec. Tool Co.. Cincinnati, О. 

Star Elec. Motor Co., Floomfield, М. J. 

Washburn Shops, Worchester 2, Mass. 


GRINDERS, Portable, Air 
Aro Equipment Corp., Bryan, Ohio 
Buckeye Tools Corp., Dayton, Ohio 
Chicago Pneu. Tool Co., New York, N. Y. 
Independent Pneu. Tool Co., Chicago, I. 
Ingersoll-Rand Co., New York, N. Y. 


Keller Tool Co., Grand Haven, Mich 
M-B Products Co., Detroit, Mich. 
Onsrud Mach. Works, Chicago, Ill. 
The Rotor Tool Co. Cleveland 12, 
GRINDERS, Portable, Electric 
Baldor Elec. Co., St. Louis, Mo. 
Chicago Pneu. Tool Co., New York, N. У. 


Chicago Wheel & Mfg. Co., Chicago, ПІ. 
Cincinnati Elec. Tool Co., Cincinnati, Ohio 
I. & Н. Research Co., Detroit, Mich. 

Chas. L. Jarvis Co.. Middletown, Conn. 


К. О. Lee & Son, Aberdeen, S. D. 
Skilsaw Inc., Chicago. Ill 


Speed Way Mfg. Co., Cicero 50, Ш. 

Standard Elec. Tool Co.. Cincinnati, O. 

Stanley Works, New Britain, Conn. 

5. S. White Dental Co., New York, N. Y. 
GRINDERS, Portable Pneumatic 


Jefferson Mach. Tool Co.. Cincinnati, O. 


GRINDERS, Snagging 
Cutter Machine Co.. St. Louis. Мо 
Standard Flee. Tool Со. Cincinnati, О. 
и Moulder Corp. Indianapolis 2, 
nd. 


Ohio 


GRINDERS, Surface (Hydraulic Feed) 
Gallmeyer & Livingston Со. Grand Rap- 
ids, Mich. 
Standard Elec. Tool Со. Cincinnati, О. 


GRINDERS, Swing Frame 
Jefferson Mach. Tool Co.. Cincinnati, O. 


Vonnegut Moulder Corp., Indianapolis 2, 
Ind. 


GRINDERS, Tap 


Gallmeyer & Livingston Со. Grand Вар- 
ids, Mich. 


GRINDERS, Universal & Tool 
Gallmeyer & Livingston Co., Grand Rap- 
ids, Mich. 
GRINDING WHEELS 
Abrasive Co., Philadelphia, Pa. 
Amer. Emery Wheel Co., Providence, R. I. 
Atlantic Abrasive Co., So. Braintree, Mass. 
Bay State Abrasive Prod., Westboro, Mass. 
Bridgeport Safety Em. Wheel, Bridgeport 
Carborundum Со. Niagara Falls, N. Y. 
MANUFACTURERS' SUPPLY CO. 
$300,000 Inventory, 50% saving on abra- 
sives in stock.  Abrasives our specialty. 
MANUFACTURERS' SUPPLY CO. 
P. O. Box 141, Defiance, Ohio 
Phone 7457 


GUARDS, Power Presses 


Searjeant Metal Products, Inc., Mendon, 
N X. 


HACK SAW FRAMES 
Clemson агоз., Inc., Middletown, М. Y. 
Forsberg Mfg. Co.. Bridgeport, Conn. 


Napier Saw Works, Middletown, N. Y. 
Simonds Saw & Steel Co., Fitchburg, Mass. 


Victor Saw Works, Middletown, N. Y. 


HACK SAW MACHINES 
Clemson Bros., Inc., Middletown, N. Y. 
Cove Hanchett Co., Portland, Ore. 
Forsberg Mfg. Со. Bridgeport. Conn. 


Napier Saw Works, Middletown, N. Y. 
Simonds Saw & Steel Со.. Fitchburg, Mass. 


Racine Tool & Mach. Co., Racine, Wis. 
Rapid Mfg. Со.. Glendale. Calif. 


Sates Service Machine Tool Co. 
Paul W4, Minn. 
Victor Saw Works, Middletown, N. Y. 


HAMMERS, Air 
The Rotor Tool Co.. 


HAMMERS, Electric 
Chicago Pneu. Tool Со.. New York, М.Ү. 
Independent Pneu. Tool Co., Chicago, Ш. 
Wodack Elec. Tool Corp., Chicago, ПІ. 


HAMMERS, Soft 
Chicago Rawhide Mfg. Co., Chicago, Ill. 
Greene-Tweed & Co. New York, М. Y. 


P & C Hand Forged Tool Co. Portland 
22, Oregon 
Stanley Works, New Britain, Conn. 
HAULING, General 
ARTHUR MORGAN TRUCKING CO. 
2923 N. Broadway, St. Louis, Mo. 


HELMETS 
Mine Safety Appliances Co., 
Ра. 


Saint 


Cleveland 12, Ohio 


Pittsburgh, 


If it draws 


Have a clear space 
We are now ready to 
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А safe rule to follow is that the Oxygen 
Now open the Oxygen cutting valve controlling the high 
First be sure there is а clear space underneath the 


tirely through. To light the torch for cutting, first open the Acetylene 
then turn on the oxygen preheating valve until the neutral flame 


preheating valve, and light it as if for welding. 
between the burning gas and the tip of one-thirty-second to one-eighth 


inch, 
long apd becomes carbonizing, open the Oxygen preheating valve more, 


until the preheating flame remains neutral. 


pressure must always be high enough to make the Oxygen burn en- 
begin cutting. 


containing considerable slag will require a greater oxygen pressure 


than new or clear metal. 
pressure oxygen jet, and observe the preheating flame. 


line of the cut for the slag to run free of the metal. 


is attained. 


270 


e[qnop) see1bep 06 —,, A. ѕәләйшо 622 oi 081 

e[qnop 1o e[buts гэчиЯ зеледшо 677 O1 611 
зээлбэр 06-,,Д., 91915 зехедшо 611 01 061 рә}ооо 10 элоа „УУ, 
вәәлбәр Q6—,, A. PUS sereduro 611 9} 061 pejpoo 10 a1pq „УУ; 
səpə ueaMjeq „УУ; зеледшо 691 0} OPI рәұооо ло әгод „9% 
səpə ueeMjeq „9% зеледшо Cp] 9} OZI рерооо 10 элоч ,% 
səpə ueeMjeq , СД se1eduro 671 9} 011 рәуооо ло элоа „с 


səpə чәәмдәд „84 зехед шо 001 0} 06 рә}ооо 10 элоа „8 
səpə ueeMjeq 1% зеледшо 66 0} gg pejooo Io әлод ,84 
ѕәбрә ueemyeq „9, зеледшо 68 оу OF рерооз 10 әлод „8 
ѕәбрә uəəmzəq „91 59124шо 08 0} 69 рә}ооо 10 әлюд ,%, 
ѕәбрә пәәмдәд „!°% 59194шо 6] 01 09 рерооо 10 әтод „5 
səpə ueeMjeq , 54 seiedup (p 9105 = рәуооэ „ЗИ 
ѕәбрә ueeMjeq „® seiedu 66 oi SZ рејроз „И 

Бицелэя puo бшооас juenm;) ejourxoiddy pepueuruooeg eporjoe[g 559134214], 
































5133Н5 13315 CUN 
омалам ноз VLYG ONIGTAM ону ТУНЯМЧЮ 





UNIVERSAL MACHINISTS HANDBOOK 





HINGES 
Auto Moulding & Mfg. Co., Chicago, Ill. 
S and S Machine Wks., Chicago, Ш. 


HOBBING MACHINES 
Brown & Sharpe Mfg., Providence, R. I. 
Gould & Eberhardt. Irvington, N. J. 
The Hamilton Tool Со. Hamilton, Ohio 


Lees-Bradner Co., Cleveland, Ohio 


HOISTS 
Amer. Engineering Со. Philadelphia, Pa. 
Chisholm Moore Hoist Corp., Tonawanda 
Coffing Hoist Co., Danville, ПІ. 
Detroit Hoist & Mach. Co., Detroit, Mich. 


Grand Specialties Co., Chicago 22, Ill. 
Harnischfeger Corp., Milwaukee, Wis. 
Keller Tool Co., Grand Haven, Mich, 
The Reading Machine Со, Reading, Ohio 
Robbins & Myers, Inc. Springfield, Ohio 
Shaw Box Crane & Hoist, Muskegon, Mich. 


HOSE, Metallic 
Chicago Metal Hose Corp., Maywood, Ill. 
Titeflex Metal Hose Co., Newark, N. J. 
Weatherhead Co., Cleveland, Ohio 


JIGS AND FIXTURES 


Richards’ Industries, Inc., Grand Rapids 
5, Mich. 


KEYSEATERS 
Amer. Broach & Mach., Ann Arbor, Mich. 
Brewer Machine & Mfg. Co., 5%. Louis, Mo. 
John T. Burr Co., Brooklyn, N., Y. 
The du Mont Corp., Greenfield, Mass. 
Morton Mfg. Co., Muskegon Heights, Mich. 


The Reading Machine Со, Reading, Ohio 


KEYWAY BROACHES 


East Shore Machine Products Co., Cleve- 
land, Ohio 


KNIFE GRINDERS AND HONERS 
Covel-Hanchett Co., Big Rapids, Mich. 
Micromatic Hone Corp., Detroit, Mich. 

S. C. Rogers & Son Co., Philadelphia, Pa. 
Sunnen Prod. Co., St. Louis, Mo. 


KNURLING TOOLS 
Armstrong Bros. Tool Co., Chicago, Ill. 
Graham Mfg. Со. Providence, R. I. 
Reed Roller Thread Die Со., Worchester 2, 
Mass. 
Wade Tool Co., Waltham, Mass. 


LAPPING MACHINES, Precision 
Crane Packing Со. Chicago 13, Ш. 


LATHES, Automatic : 
Cone Automatic Mach. Co., Windsor, Vt. 


Gisholt Machine Co.. Madison 10, Wis. 


Jones & Lamson Mach., Springfield, Vt. 
LeBlond Mach. Tool Co., Cincinnati, Ohio 
Monarch Mach. Tool Co., Sidney, Ohio 
Seneca Falls Mach. Co., Seneca Falls, N. Y. 
Sundstrand Mach. Tool Co., Rockford, Ill. 


LATHES, Bench 
B. C. Ames Co., Waltham, Mass. 
Atlas Press Co., Kalamazoo, Mich. 
Elgin Tool Works, Chicago, Ill. 
Hardinge Bros. Inc., Elmira, N. Y. 
McDonald Machinery Co., St. Louis, Mo. 
Rivett Lathe & Grinder Co., Boston, Mass. 
Sloan & Chace Mfg. Co., Kearney, N. J. 


South Bend Lathe Wks., South Bend, Ind. 
Stark Tool Co.. Waltham, Mass. 


т 


LATHE CENTERS 
Pratt & Whitney, West Hartford, Conn. 


LATHES, Engine 
Amer. Tool Works, Cincinnati, Ohio 
Bradford Mach. Tool Co., Cincinnati, Ohio 
LeBlond Mach. Tool Co., Cincinnati, Ohio 
Lehman Mach. Co., St. Louis, Mo. 
McDonald Machinery Со, St. Louis, Мо. | 
Monarch Mach. Tool Co., Sidney, Ohio 
Porter-McLeod Mach. Со. Hatfield, Mass. | 
Reed-Prentice Corp., Worcester, Mass. | 
The Sidney Machine Tool Co., Sidney, O. 
Simmons Mach. Tool Corp., Albany, N. Y. 
South Bend Lathe Wks., South Bend, Ind. 


LATHES, Sebastian 
King Machine Tool Div. of American Steel 
Foundries, Cincinnati 29, Ohio 
Sebastian Lathe Co., Cincinnati, Ohio 


LATHES, Spinning, Polishing, Etc. 
Atlas Press Co., Kalamazoo, Mich. 
Boice-Crane Co., Toledo, Ohio 
Clizbe Bros., Plymouth, Ind. 

Jefferson Mach. Tool Co., Cincinnati, O. 
W. С. Lipe. Inc.. Syracuse, М. Y. 
Standard Elec. Tool Co., Cincinnati, O. 
Walker-Turner, Inc., Plainfield, N. J. 


LATHES, Toolroom 

Amer. Tool Works, Cincinnati, Ohio 
Atlas Press Co., Kalamazoo, Mich. 
The Boye Жж Emme: Machine Тоо! Со. 

Cincinnati 15, Ohio 
Gisholt Machine Co.. Madison 10, Wis. 
Hardinge Bros., Inc., Elmira, N. Y. 
LeBlond Mach. Tool Co., Cincinnati, Ohio 
McDonald Machinery Co., St. Louis, Mo. 
Reed-Prentice Corp., Worcester, Mass. 
Rivett Lathe & Grinder Co., Boston. Mass. 
The Sidney Machine Tool Co., Sidney, O 
South Bend Lathé Wks., South Bend, Ind. 


LATHES, Turret 
The Bullard Co., Bridgeport, Conn. 
Douglas Mchy. Co., New York, N. Y. 
Ganey Machinery Со. Buffalo. М. Y. 
Gisholt Machine Co.. Madison 10, Wis. 
Jones & Lamson Mach., Springfield, Vt. 
Morey Machinery Co., New York, N. Y. 
National Acme Со., Cleveland, Ohio 
Potter & Johnston Со, Pawtucket, Н. I. 
Rivett Lathe & Grinder Co., Boston, Mass. 
Sebastian Lathe Co., Cincinnali, Ohio 
Warner & Swasey Co.. Cleveland, Ohio 


LIGHTING FIXTURES 
Hygrade Sylvania Corp., Salem, Mass. 


LOCK NUTS 


Columbia Nut and Bolt Co. 
Conn. 


LUBRICATING SYSTEMS 
Alemite Co., Chicago, Ill. 
Bijur Lubricating Corp., L. I. City, N. Y. 
M-B Products Co., Detroit, Mich. 
Madison-Kipp Corp. Madison. Wis. 
C. A. Norgren Co., Denver, Colo. 


Rivett Lathe & Grinder Co.. Boston, Mass. 


Bridgeport, 


"Trico Fuse Co., Milwaukee, Wis. 


LUBRICATORS, Automatic Air Line 
M-B Products Co., Detroit, Mich. 


MACHINERY, Moving. 


ARTHUR MORGAN TRUCKING CO. 
2923 N. Broadway, St. Louis, Mo. 
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ARC WELDING DATA 
LENGTH OF FILLET WELD TO REPLACE RIVETS 
Rivet Sbear Length of Fillet Welds (to t % In. 
үе өле еі. Fusion. Code" (Structural) Shielded Are’ Welding 
Size рег sg. in. | X т. Fillet |5/16 in. Fillet| 3& in. Fillet | 3& In Fillet | % in, Fillet 
y 2356 15" Р 15/16" 4” 11/16" 
X 3682 1M" 14” 14" pw 26" 
Xx" 5301 ги" 2" 134” 13$" 1X" 
76" 1916 34" 24" 24" 134” 1” 
1” ‚ 9425 44" Зи" 3" 24" 16" 
Note: М" is added to calculated length of fillet. 
SAFE ALLOWABLE LOADS FOR FILLET WELDS IN SHEAR 
Size of Fillet Weld Pounds per Lincal Іпсп--"Ризіоп Code" (Structural) —A.W.S. 
1" 1200 
3/16" 1800 
м" 2400 
5/16” 3000 
и” 3600 
у" 4800 
$$" 6000 
= Ax" 1200 
PROPERTIES OF SHIELDED ARC WELD METAL AND MILD ROLLED STEEL 
Tensile % Elonga- Density Endyrance Notched 
Materlal Strength tion in Grams ті Ваг 
Lbs./sq. In. 2 Inches Per c.c. Lbs./sq. fn. Ft. Lbs. 
Weld Metal, 
made with 65,000- 20-35 7.84- 28,000- 25-80 
shielded arc 15,000 1.86 32,000 (Izod) 
Mild Rolled 55,000- 20-30 24,000- 20-80 
Steel 65,000 28,000 (Izod) 


* Maximum stress in outside fibres, 10 million reversals without failure. Rotating beam 
test. 


STRENGTH OF WELDED JOINTS: Calculation of the designed 
strength of any welded joint should include consideration of the following 
factors: 


(1) Strength of weld metal. 
(2) Type of weld. 
(3) Location of weld in relation to parts joined. 


In calculating the strength of fillet welds, a unit stress of 13,600 lbs. per 
square inch is usually employed for tension, shear and compression since in 
practically every fillet weld shear is present. 


For dynamic, vibrational or lifting loads, the unit stress of fillet welds or 
the strength per lineal inch, should be reduced, depending upon the severity 
of the load. 


Approximately } in. should be added to the designed length of fillet welds 
for starting and stopping the arc. The crater in the welds should be filled. 


The working strength of butt welds, of 100 per cent penetration into the 
base metal, is usually calculated by multiplying the net cross sectional area 
through the throat of the weld by 15,600 lbs. for tension—by 13,600 Ibs. for 
shear—by 18,000 Ibs. for compression. 


The location of the weld in relation to the parts joined, in many cases, has 
an effect on the strength of the welded joint. As an example, repeated tests 
reveal that, when other factors are equal, welds having their linear dimension 
transverse to the lines of stress are approximately 30 per.cent stronger per 
average unit length than welds with linear dimension parallel to lines of stress. 
This is depicted graphically in Fig. 1 and is due to the stress distribution 


along the bead. 
(Continued) 
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MACHINERY BUSHINGS 
The Ohio Nut & Washer Co. 
Mingo Junction, Ohio 


MACHINERY, New and Used 
Ariz. Machinery Co., Phoenix, Ariz. 
McDonald Machinery Co., St. Louis, Mo. 
Southern Machinery Corp., Lakeland, Fla. 


MANDRELS (See ARBORS AND 
MANDRELS) 
K. O. Lee & Son, Aberdeen, S. D. 


MARKERS, Wire, Pipe and Conduit 
W. Н. Brady Company, Milwaukee, Wis. 


MARKING & NUMBERING MACHINES 
Acromark Corporation, Elizabeth, М. J. 
У. Н. Brady Company, Milwaukee, Wis. 


Durant Mfg. Co., Milwaukee, Wis. 
New Method Steel Stamp, Detroit, Mich, 





Numberall Stamp & Tool Co., Inc. 
379 Huguenot Ave., Hugenot Pk., S.I., N.Y. 

Single and Multiple Wheel Numbering 
Stamps and Machines. Automatic Num- 
bering Machines. Мате Plate Detail 
Presses and Platforms. Stamp Holders 
and Marking Apparatus. 


The Pannier Corp., Pannier Bldg., Pitts- 
burgh, Pa. 


SUPERIOR SEAL & STAMP CO. 
1402 Vermont Ave. 


Detroit 16, Mich. 
Brass, Zinc, Aluminum_ Tool _Checks, 
Name, Machine, Number Plates, Property 
and Inventory Tags, Employee Badges. 


MASKS, Sandblasting, Tumbling, 
Plating 
W.H. Brady Company, Milwaukee, Wis. 


METAL NAME PLATES 
The С. Н. Hanson Co., Chicago 10, Ill. 


METERS 
Brown Instrument Co., Philadelphia, Pa. 


MICROMETERS 

Banner Mach. Tool & Supply Co.. 

St. Louis 7, Mo. 
Brown & Sharpe Mfg., Providence, R. I. 
Federal Products Corp., Providence 1, R. I. 
Lufkin Rule Co., Saginaw, Mich. 
Micro Products Co., Detroit, Mich. 
Millers Falls Co., Greenfield, Mass. 
The L. S. Starrett Co., Athol, Mass. 


MILLING ATTACHMENTS 
Blank & Buxton Machy., Jackson, Mich. 
Burke Mach. Tool Co., Conneaut, Омо 
Halco Products Co., Detroit, Mich 
Jefferson Mach. Tool Co.. Cincinnati, Ohio 
Kearney & Trecker Corp., Milwaukee, Wis. 


Liberty Tool & Gage Wks., Providence 
Precision Tool Co., Brooklyn. N. Y. 


.MILLING, CUTTERS 
Lovejoy Tool Co., Inc., Springfield, Vt. 


MILLING MACHINES 
Atlas Press Co., Kalamazoo, Mich. 
Bridgeport Machines, Inc., Bridgeport 
Brown & Sharpe Mfg. Co., Providence 
Cincinnati Mill. Mach. Co., Cincinnati, O. 
Cincinnati Planer Co., Cincinnati, Ohio 
Douglas Machinery Со. New York, М. Y. 
Ekstrom, Carlson Co., Rockford, Ill. 
Ingersoll Mill. Mach. Со., Rockford, Ill. 
Jackson Mach. & Tool Co., Jackson, Mich. 
Jefferson Mach. Tool Co., Cincinnati, O. 
Kearney & Trecker Corp., Milwaukee, Wis. 


Morton Mfg. Co., Muskegon Heights, Mich. 
Nichols-Morris Corp., 

50 Church Street, New York 7, N. Y. 
Reed-Prentice Co., Worcester, Mass. 
Lug loe Machine Tool Co. Rockford, 


Van Norman Мећ. Tool, Springfield, Mass. 


MILLING MACHINES, Bench & Hand, 
Burke Mach. Tool Co., Conneaut, Ohio 
Elgin Tool Works, Chicago, Ill. 

Jefferson Mach. Tool Co., Cincinnati, O. 
Kent-Owens Mach. Co., Toledo. Ohio 
Nichols-Morris Corp., 

50 Church Street, New York 7, N. Y. 


Palmer Industries, Chicago 21, Ill. 


Pratt & Whitney, West Hartford, Conn. 
Producto Mach. Co., Bridgeport, Conn. 


MODELS 


PATTERNS AND MODELS 
WOOD or METAL 
No Casting can be better than the 
Pattern from which it is гладе 


Quality, Service and Satistaction 


American Pattern & Modei Co. 
1810 Elliott Ave., St. Lou:s. Mo 
FRanklin 6370 
Baum's Metal Specialties, Kansas City, Mo. 


INVENTIONS PROMOTED 
Patented or Unpatented. In busi- 
ness over 30 years. Send drawing 
and description or model, or write 
for information. Complete facilities. 
References, 


Adam Fisher Company 
621 ENRIGHT, ST. LOUIS, MO. 


MOTORS, Electric 


BALDOR ELECTRIC COMPANY 
Manufacturers Electric Motors 
4351-59 Duncan Ave. St. Louis 10, Мо. 


Baldor Ball Bearing Grinders 15 Н.Р. 
3400 R.P.M., Wheels 7" x 1” x 56” $60.00. 
НР, thru 


A complete line 6" thru 12" 14 


3 H.P 
BALDOR ELECTRIC CO. 
Saint Louis 10, Mo. 
Electrical Specialists Since 1920 


Gast Mfg. Corp. Benton Harbor, Mich. 


THE LELAND ELECTRIC COMPANY 
1501 Webster E um Dustin 1, Ohio 
Electric motors delivery from stock on 

ratings from 1/6 to 5 horsepower. Single 

phase, three phase, direct current; open 
dripproof, totally enclosed. Sales repre- 
sentatives and dealers in all principal 


cities. 
(Continued) 
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THIS WELD APPROXIMATELY 30% 
STRONGER THAN m / 





PER _UNIT LENGTH 


[ 
| 


Fié, 1 
‘Transverse welds are stronger than welds parallel 
to lines of stress. 






If the load on the weid is to be properly distributed the welds should be 
located so as to take account of the shape of the sections joined. An example 
is illustrated by Fig. 2. The ratic of the lengths of the welds at heel and toe 
of the angle is such that there will be no tendency for the angle to turn ind 
thus cause eccentric loads on the joint | 





E | CENTER OF 
GRAVITY 
Ете, Я 


Example of correct lengths of welds for equal load 
distribution. 





Resistance to a turning effect ot one member at a joint is best obtained 
by welds well separated rather than by a single weld or welds close together. 
In Fig. 3 a single weld at A is not as effective as welds at both A and B in 
resistance to turning effect. Two small welds at A and B are much more 
effective than a large single weld at A or B only 





РІС, З 


Example of proper placement of welds to resist 
turning effect of one member at the Joint. 


If possible, welded joints should be designed so that bending or prying 
action is minimized. Symmetrical joints are most desirable as they are very 
much stronger than non-symmetrical joints, the stress in symmetrical joints 


being more evenly distributed. 





In some designs it may be desirable to take into account the distribution 
of stress through the welds in а joint. It is known that any abrupt change in 
surface (for example, а notch or saw cut in а square bar under tension) in- 
creases the local stress or causes stress concentration, As an illustration of this 
principle, the weld, Fig. 4, will have considerably more concentration of stress 

(Continued! 


UNIVERSAL MACHINISTS HANDBOOK 


275 





MOTORS, Electric 
The Lima Electric Motor Co., Lima, Ohio 
Robbins & Myers, Inc. Springfield, Ohio 
Speed Way Mfg. Co., Cicero 50, ПІ, 


Valley Electric Corp. 


Manufacturer 
BALL BEARING ELECTRIC 
MOTORS and GRINDERS 


4221-27 Forest Park St. Louis, Mo. 


MOTOR BASES PIVOTED 
о Mfg. Ce, Inc. Indianapolis 6, 
nd. 


NAME PLATES 
Colonial Brass Со. Middieporo, Mass. 
The С. Н. Hanson Co., Chicago 10, Ill. 
Miller Dial & Name Plate Со., Los An- 
geles 21, Calif. 
SUPERIOR SEAL & STAMP CO. 
1402 Vermont Ауе. 


$ Detroit 16, Mich. 

Metal Factory, Office, and Plant Protec- 
tion Badges—Stamped, Coined, Embossed, 
and Enameled, Tool Checks, Name Plates. 


NON-REPEATING DEVICE, Power 
Presses 
ок а Metal Products, Inc. Mendon, 


NUMBERING MACHINES 


Numberall Stamp & Tool Со. Inc. 
379 Huguenot Ave., Hugenot Pk., S.L, N.Y. 
Single and Multiple Wheel Numbering 
Stamps and Machines. Automatic Num- 
bering Machines. Мате Plate Detail 
Presses and Platforms. Stamp Holders 
and Marking Apparatus. 


NUTS, All Kinds 

Columbia Nut and Bolt Co., Bridgeport,. 
Conn. 
NUT LOCKS 


Columbia Nut and Bolt Co., Bridgeport, 
Conn. 
OILSTONES 


Bay State Abrasive Products Co, West- 
boro, Mass. 


PATTERNS 


ME ons Pattern & Model Co., St. Louis, 
Mo. 


PILLOW BLOCKS 
Manere нн | Соз Chicago, їп. 
ockwell Corp., 
Medart Co., St. Louis, а а 


Sprout, Waldron & Со., Inc., Muncy, Pa. 
PIPE 


Midwest Piping & Supply Со. Inc, St. 
Louis, Mo. 


PIVOTED MOTOR BASES 


Rockwood Mfg. Co., Inc., Indianapolis 6, 
nd. 


PLANERS 
Boice Crane Co., Toledo, Ohio 
Cincinnati Planer Со. Cincinnati, Ohio 
Cleveland Planer Co.. Cleveland. Ohio 
Тће Hamilton Tool Co., Hamilton, Ohio 
Liberty Planers, Inc., Hamilton, Ohio 
Rockford Mach. Tool Co., Rockford, Ill. 


PLIERS | 
Lapeer Míg. Со., Lapeer, Mich. 


Osborn Mfg. Co., Warsaw, Ind. 


PRESSES, Arbor à 
Canedy-Otto Mfg. Co., Chicago Hts., ПІ. 
Dake Engine Со. Grand Haven, Mich. 
Famco Machine Co., Racine, Wis. 
Greenerd Arbor Press Co., Nashua, N. H. 
W. H. Nicholson & Со. Wilkesbarre, Pa. 

PRESS FEEDING PLIERS 
Osborn Mfg. Co., Warsaw, Ind. 


PRESS GUARDS 
E xs Metal Products, Inc. Mendon, 


PRESSES, Hydraulic 
Atlas Press Co., Kalamazoo, Mich. 
Beatty Mfg. & Mach. Co., Hammond, Ind. 


Dake Engine Со. Grand Haven, Mich. 

ЕПпев Engineering Со. Chicago, Ill. 

Hannifin Mfg. Co., Chicago, Ill. 

Hydraulic Press Mfg. Co., Mt. Gilead, O. 

O. C, Keckley Co., Springfield, Ill. 

зо ді Machine Со., Inc., Logansport, 
n 


> Machine & Tool Works, Buffalo 


The Oilgear Co., Milwaukee 4, Wis. 
Remco Prod. Сого., York, Pa. і 
Verson АШкіее! Press Co., Chicago. Ill. 


PRESSES, Power 
Buffalo Forge Co., Buffalo, N. Y. 


Excelsior Tool and Machine Co., East St. 
Louis, Ill. 


Federal Press Co., Elkhart, Ind. 

L and J Press Corp., Elkhart, Ind. 

J. L. Lucas & Son, Bridgeport, Conn. 
Milliken Mach. Со. West Newton, Mass. 


Niagara Machine & Tool Works, Buffalo 
11, N. Y 


A. Н. Nilson Mach. Co., Bridgeport, Conn. 

Sales Service Machine Tool Со. Saint 
Pav! W4. Minn. 

Service Machine Co., Chicago 20, Ill. 

Verson Alisteel Press Co., Chicago, Ill. 

Zeh & Hahnemann, Newark, N. J. 


PRESSURE UNITS . 
Richards’ Industries, Inc., Grand Rapids 

5, Mich. 

PRINTING 


Charles Martin Lithographing Co., St. Louis 

3, Mo. 

Standard Press, Printing, L. A. McClen- 
nan, Prop., Box 381, St. Louis, Mo. 


PULLEYS 
Banner Machine Tool Co., St. Louis, Mo. 
Dodge Mfg. Corp., Mishawauka, Ind. 
Link-Belt Co., Chicago, Ill. 
Medart Company. St. Louis, Mo. 


um ~ а Mfg. Co. Inc. Indianapolis 6, 
nd. 
Sprout, Waldron & Co., Inc., Muncy, Pa. 


Continued 
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Р 
РІС Y 
Example of lap weld having poor distribution of stress through 
weld. 


than that in Fig. s. Fig. 6 allows a much more uniform transfer of stress with 
a resulting minimum of stress concentration. In many cases such concentra- 








Fie д 
Example of lap weld having а more even distribution of stress 
tbrough weld. 


tion of stress might be small and of minor consequence. However, in heavy 
or repeated loadings this matter should have the attention of the designer. 





Example of lap weld in which there 15 а fairly uniform transfer 
Of stress through tne weld. 


Stress in a weld having its linear dimension approximately parallel to the 
line of force is not evenly distributed. Under many load conditions, not at all 
unusual, the stress is greater at the ends of the weld than in the middle. It is 
therefore, advisable in certain conditions to hook the bead around the joint as 
indicated in Fig. 7. When this is done, far greater resistance to a tearing 
action on the weld is obtained. 


Fiel 7 
e 1 
влак of welds hooked mount the corners to 


өзин resistance to fearing arton on welds when 
subjected to eccentrto leads 








These allowable loads are based on a stress of 13.600 Ibs. per square inch 





m throat section as specified in Structural Code of A W.S. They are conser 
vative, being based on a factor of safety of about 5. since. weld metal has 


60,000 to 65,000 pounds per square inch ultimate strength 

Iu many cases it may be exceeded by со per cent or more, depending upon 
the type of load and character of joint. Then, it would still give factor of 
safety of about 4. 
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PULLEYS 
VACUUM CUP METAL PULLEY CO., INC. 
12536 Grand River Áve. 
Detroit, Michigan 
Vacuum Cup Pulleys! 
(Aluminum and Gray Iron) 
Save You Money! 


PUMPS, Coolant Lubricant, Etc. 
Eastern Engineering, New Haven, Conn. 
Fulflo Specialties Co.. Blanchester, O. 
Logansport Machine Co., Inc.. Logansport, 

n 


Robbins & Myers, Inc., Springfield, Ohio 
Ruthman Mchy. Co., Cincinnati, Ohio 
Tomkins-Johnson Co., Jackson, Mich. 
Vickers Inc., Detroit, Mich. 


PUNCHES AND DIES 
E. A. Baumbach Mfg. Co., Chicago, Ill. 
Excelsior Tool and Machine Co., East St. 
Louis, Ill. 
The J. F. Kidder Mfg. Co., Ine., Burling- 
on, й 
Lapeer Mfg. Со. Lapeer, Mich. 
T. H. Lewthwaite & Со. New York, М. Y. 
Stanley Works, New Britain, Conn. 


PUNCHES, Multiple 
Beattv Mfg. & Mach. Co., Hammond, Ind. 
Excelsior Tool and Machine Co., East St. 
Louis, Ill 
Federal Press Co., Elkhart, Ind. 
Wiedeman Machine Co., Philadelphia, Pa. 


RACKS and BINS, Storage 
Lyon Metal Prod. Inc.. Aurora. ПІ. 
Gordon І. Hall Со. Old Lyme, Conn. 
Pollard Bross Mfg. Co., Chicago, Ill. 
Stackbin Corp., Providence, R. I. 
Yohe Supply Co., Canton, Ohio 
Western Tool & Mfg. Co., Springfield, O. 


RADIAL, Drills 
Amer. Tool Works, Cincinnati, Ohio 


RADIUM PAINTING 


Miller Dial & Name Plate Co., Los An- 
geles 21, Calif. 


REAMERS 
Catskill Metal Works, Catskill, N. Y. 
Hart Machine Co., Dorchester, Mass. 


The Rotor Tool Co., Cleveland 12, Ohio 
Wendt-Sonis Со, Hannibal, Mo. 


RIVETING BURRS 
Square & Square Beveled, Brass (Small 
and Large Pattern). 
The Ohio Nut & Washer Co. 
Mingo Junction, Ohio 


RIVETING MACHINES 
Allen Riveter Co., Chicago, Ill. 
Buffalo Forge Co., Buffalo, N. Y. 
Chicago Pneu. Tool Co., New York, N. Y. 
Grant Mfg. & Mach., Bridgeport, Conn. 
High Speed Hammer Co., Rochester, N. Y. 


Independent Pneumatic Tool Co., Aurora. 
ПІ. 


КеПе: Tool Co., Grand Haven, Mich 

Lemert Engineering Со. Plymouth, Ind. 

Tubular Rivet & Stud, Wollaston, Mass. 
RAILROAD EQUIPMENT, 


Will Reaves Railway Supplies, 
St. Louis, Mo. 


ROTARY VACUUM PUMPS 
Leiman Bros. Inc, Newark 5, М. J. 


ROUTING MACHINES 
Boice Crane Co., Toledo, Ohio 
Geo. Gorton Mach. Co., Racine, Wis. 
W. B. Knight Machy. Co., St. Louis, Mo. 
Onsrud Machine Works, Chicago, Ill. 


RULES, Steel 
Banner Mach. Tool & Supply Ca, 
St. Louis 7, Mo. 


Brown & Sharpe Mfg., Providence. R. I., 
Guedca Со. Audubon, М. Т. 

Lufkin Rule Co., Saginaw, Mich. 

The L. S. Starrett Co., Athol, Mass. 


SAFETY DEVICES, 
Micro Switch Div. of First Industrial 
Corp., Freeport, Ill. 


SAFETY GUARDS, Power Presses 
Littleford Bros. Inc., Cincinnati 2, Ohio 
Searjeant Metal Products, Inc. Mendon, 


SAE WASHERS 
The Ohio Nut & Washer Co., 
Mingo Junction, Ohio 


SANDERS 
Armglo Company, Milwaukee, Wis. 
Aro Equipment Corp., Bryan, Ohio 


Atlas Press Co., Kalamazoo, Mich. 
Buckeye Tools Corp. Dayton, Ohio 
Chicago Pneumatic Tool Co., New York 17, 


Detroit Surfacing Mach. Co., Detroit, Mich. 
Dremel Mfg. Co.. Racine, Wis. 

R. G. Haskins Co., Chicago, Ill. 

Chas. L. Jarvis Co., Middletown, Conn. 
Jefferson Mach. Tool Co., Cincinnati, O. 
Keller Tool Co. Grand Haven, Mich, 
Nedco Tool Co., Waltham, Mass. 

Porter Cable Mach. Со.. Syracuse, М. Y. 
The Rotor Tool Co., Cleveland 12, Ohio 


Skilsaw Inc. Chicago, Ill. . 
Stanley Works, New Britain, Conn. 
Stow Mfg. Co., Binghamton, N. Y. 


Sundstrand Machine Tool Со. Rockford, 
ІП 


Vonnegut Moulder Corp. Indianapolis 2, 
Tnd. 
Walker Turner Co.. Plainfield, N. J. 


SAWS 
Clizbe Bros. Mfg. Co., Plymouth, Ind. 
Forsberg Mfg. Co., Bridgeport, Conn, 
Simonds Saw & Steel Co., Fitchburg, Mass. 


SAWS, Metal Cutting 
Simonds Saw & Steel Co., Fitchburg, Mass. 


SAW SHARPENERS 
Black Diamond Saw Mach., Natick, Mass. 
X*Covel Hanchett Co., Big Rapids, Mich. 
(See Adv. under Knife Grinders) 
Foley Mfg. Co., Minneapolis, Minn. 
Huther Bros. Saw Co., Rochester, N. Y. 
Wardwell Mfg. Co., Cleveland, Ohio 


SCREW DRIVERS, Power 
The Bodine Corp.. Bridgeport, Conn. 
Chicago Pneumatic Tool Co., New York 17, 
N. У. 


Cincinnati Elec. Tool Co.. Cincinnati, Ohio 


Continued on next page 
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` FLAME CUTTING PROCEDURE 


Select the proper burning tip; gas pressures; and cutting speed 
from the table below. After lighting blowpipe, adjust preheat valves 
to produce a neutral flame. 

Neutral (Pre-heat) Flame: Oxy-acetylene—a clear white flame 
with the feather drawn up and eliminated. City gas with oxygen 
—a clear blue flame similar to a gas range; flame length will 
depend upon existing gas pressures. 

Start of the Cut: Let the tip of the neutral flame pre-heat the a 
starting point of the cut to a white heat, then simultaneously set 
the torch in motion and release the cutting oxygen. After cutting 
is started, readjust the flame and speed to produce the quality 
of cut desired. 

Faulty. Flames: Most flame difficulties arise from dirt lodged in 
the orifices of the tip—make sure the tip is clean before each 
cut. Too hot a flame creates beads along the top edge of the 
cut. Too much oxygen, too slow a speed, or both, produce 
ragged cutting beneath the top surface. Too little oxygen, too 
fast cutting, or both, cause excessive drag. 

Alloy or Carbon Steels: All steels require the same general 
type flame and speeds. However, the higher carbon steels re- 
quire preheating before burning to produce a high quality cut 
free from surface cracks. Steels of more than .30 carbon, re- 
quire annealing or flame softening after cutting if the edges 
are to remain soft. 

Heavy Sections: Thicknesses up to one foot can be cut with 
ordinary equipment; thicker sections usually require special tech- 
niques and equipment. 

Stainless Steel, Steel Castings, Iron in any form or Non- 
Ferrous Metals: These metals require special techniques for 
flame cutting. 


FLAME CUTTING TIME AND MATERIAL 




















Thick-| Ох- fing , Cutting | Кере қы pi 
ness | weld Оху- | Oxygen | ——— —— —— —————— —1 
"C Noz- | gen Pres- | Machine | Напа унаа || Ак 
etal,| zle iDrill | sure? | Cutting | Cutting 
Inches| No. | Size | In. Per Min. | In. Per Min.| СУ Ft. Cv. Ft. 
% 4 | 60 | 16-24 | 22.6-32.0 | 19.9-29.8 45- 55 7.2- 8.8 
V 6 | 53 | 12-18 | 20.4-28.4 | 17.6258 77- 93 8.7-10.7 
% 6 | 53 | 18-26 | 18.9-26.3 | 16.0-23.7 95-115 | 9.7-11.9 
и 6 | 53 | 22-30 | 17.6-24.6 | 14.8-22.2 105-125 | 10.5-12.9 
м | 6153 |2635 | 15.4-21.6 | 13.1-19.8 | 117-143 | 12.0-14.6 
1 6 | 53 | 30-41 | 13.6-19.4 11.8-18.0 130-160 | 13.0-16.0 
2 | 8 | 46 | 24-32 10.0-14.0 8.6-13.0 185-225 | 16.2-19.8 
з | 8 | 46 | 35-45 7.8-10.9 | 6.6- 9.8 240-290 | 18.5-227 
4 | 8 46 4558 | 64-89 52-78 | 293-357 211-259 
5 8 46 | 5670 5.4- 7.4 4.2- 6.4 347-423 23.9-29.3 
6 |10 39 | 49-54 4.7- 6.5 3.5. 5.4 | 400-490 | 26.5-32.3 
8 10 139 | 65-83 3.7- 4.9 2.6- 4.2 | 505-615 31.5-38.5 
10 | 10 39 .81-103 2.9- 3.8 1.9. 3.2 610-750 36.9-45.1 
12 12: 381 75-93 2.4- 3.0 1.4- 2.6 720-880 42.3-51.7 


Courtesy of The Linde Air Products Company 





*Pressure measured at regulator ahead of 50 feet of 38" hose. 
**Lowest Speeds and highest gas consumption per linear foot are for 
inexperienced operators, short cuts, dirty or poor material, and hand 
cutting. 
Highest speeds and lowest gas consumption per linear foot are for 
thoroughly experienced operators, long cuts, clean and good mate- 
rial, and machine cutting. 


UNIVERSAL MACHINISTS 


HANDBOOK 278 





SCREW DRIVERS, Power 
Detroit Power Screw Driver, Detroit, Mich. 
Independent Pneumatic Tool Co., Aurora, 
1; 


Keller Tool Со. Grand Haven, Mich. 
Reed-Prentice Corp., Worcester, Mass. 
The Rotor Tool Co.. Cleveland 12, Ohio 
Syntron Co., Homer City, Pa. 


SCREW MACHINES, Automatic 
Brown & Sharpe Mfg., Providence, R. I. 
Cone Automatic Mach. Co., Windsor, Vt. 
‘Foote-Burt Со. Cleveland, Ohio 
National Acme Со., Cleveland, Ohio 
Jones & Lamson Mach., Springfield, Vt. 
Triplex Mach. Co.. New York, N. 


SCREW MACHINES, Plain and Hand 
Acme Mach. Tool Co., Cincinnati, Ohio 
Gisholt Machine Co., Madison, Wis. 

W. H. Nichols Co., Waltham, Mass. 

Rivett Lathe & Grinder Co., Boston, Mass, 
Simmons Mach. Tool Corp., Albany, N. У. 
Warner & Swasey Co., Cleveland, Ohio 


SCREWS, Cap and Set 
Allen Mfg. Co., Hartford, Conn. 
Brighton Screw & Mfg. Co., Cincinnati, O. 
Dardelet Threadlock Co., New York, N. Y. 
Groove Pin Corp., Union City, N. J. 
Holo Krome Screw Corp., Hartford, Conn, 
Parker-Kalon Corp., New York, N. ү. 
Safety Socket Screw лер», Chicago, Пі. 
Triplex Screw Co., Cleveland, Ohio 


SCREWS AND BOLTS, Machine 
Bristol Company, Waterbury, Conn. 
Economy Machine Co., Chicago, Ill. 
Lamson & Sessions Co., Cleveland, Ohio 


SCREW MACHINE PRODUCTS 
Modern Screw Products Co., St. Louis, Mo. 


SELF-RETAINING NUTS 


Columbia Nut and Bolt Со. Bridgeport, 
Conn. 


SHACKLE BARS 
The Ohio Nut & Washer Co. 
Mingo Junction, Ohio 


SHAFTS, Flex (See Flex Shaft Equip.) 
Acme Tool Co.. New York. N. Y. 


SHAPERS 


Atlas Press Co., Kalamazoo, Mich. 


Boice Crane Co., Toledo, Ohio 

Cincinnati Shaper Co., Cincinnati, Ohio 

Ohio Machine Tool Co., Kenton, Ohio 

Reed-Prentice Corp., Worcester, Mass. 

Rockford Mach. Tool Co., Rockford, Ill. 

Sales Service Machine Tool Co, Saint 
Paul W4, Minn. 


SHAPERS, Vertical 
Boice Crane Со. Toledo, Ohio 
Cochrane Bly Co., Rochester, N. Y. 
Hanson-Whitney Со. Hartford, Conn, 
Marburg Brothers, New York, N. Y. 
Morey Machy. Co., New York, N. Y. 
Pratt & Whitney, West Hartford. Conn. 


SHEARS, Hand and Power 
Beatty Mfg. Co., Hammond, Ind. 
Bremil Mfg. Со., Erie, Ра. 

Buckeye Tools Corp. Dayton, Ohio 
Buffalo Forge Co., Buffalo, N. Y. 


Excelsior Tool and Machine Co., East St. 
Louis, ПІ. 


SHEARS, Hand and Power 
The J. F. Kidder Mfg. Со., Inc. Burling- 
ton, Vt. 
A. Klingelhofer, Inc., New York, N. Y. 
Marshalltown Mfg. Co., Marshalliown, Га 
Niagara Mach. & Tool Co., Buffalo. М. X 
W. A. Whitney Mfg. Co., Коскіого, Ш. 


SHEARS, Rotary 
E. W. Bliss Co., Brooklyn, N. Y. 


Consol. Mach. Tool Co., Rochester, М. Y. 

Libert Machine Co., Green Bay, Wis. 

Niagara Machine & Tool Works, Buffalo 

Al. N; 

а -Whiting Corp. Harvey, lii. 
SHIMS | 

The В. Е. Goodrich Со. Akron, nio 
SLOTTING MACHINES 

Baker Bros. Inc., Toledc, Ohio 

Douglas Machy. Со. New York, М Y. | 

General Machinery Corp., Напи ог, Ohio 


SOLDERING EQUIPMENT 
Imperial Brass Mfg. Co., Chicago, Ill. 
Johnson Gas Applce. Co., Cedar Rapids, fa 
*Modern Engineering Co., St. Louis, Mo. 
(See Adv. Back Cover) 
Torit Mfg. Co., St. Paul. Minn. 
Wayne Chem. Со., Detroit, Mich. 


SPECIAL MACHINERY 
Ballak & Company 


Manufacturing Machinists 
Brass and Aluminum Foundry 
Super-Service - Oil-less Bearing 

Bronze - Fine Machine Work 

Castings and Repair Work 


811 No. 9th St. St. Louis, Mo 
GArfield 3954 


BREWER MACHINE & MFG. CO. 
4821 North Broadway. St. Louis, Mo. 
CEntral 9115 
‚ General machine work, gears, gear cut- 
ting, keyseating, special machinery, speed 
reducers, sprockets. 


THE ESSMUELLER COMPANY 
1220 So. 8th St., St. Louis, Mo. 


SPECIAL MACHINERY 
Power Transmission Supplies 


GArfield 3490 
The Hamilton Tool Со. Hamilton, Ohio 


LIBERTY FOUNDRY PRODUCTS 
For Faster Machining 


Gray Iron Castings, Nickel Alloy 
Casüngs, Semi-Steel Castings 
Hi-Test Castings 


Libertv Foundry Co. 
10 ckh»rt-1800 


1690 Vulcan Ауе. St. Louis, Mo. 


When You Need a Good Belt 
АП Kinds in Stock 
Immediate Shipment 

Write, Phone or Wire 
Missouri Belting Company 
1021 So. Grand Blvd., St. Louis, Mo 
GRand 4580 


 ——————————————————————Óm— 
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WELDABILITY OF STEELS—(Cont'd) 


Heat Treatment of Welded Structures 


In order to insure satisfactory results in welded construction, 
it is sometimes necessary to augment the welding operation with 
PRE-heat treatment and/or POST-heat treatment. Depending on 
conditions, the latter may be a stress relieving, annealing or nor- 
malizing treatment. Usually, the standard stress relieving treatment 
is specified. 


Since both annealing and normalizing are effective in lowering 
residual stresses, they are sometimes confused with the simpler stress 
relieving form of treatment. The following paragraphs describe 
each of these processes as well as preheating. Note particularly 
that annealing апа normalizing involve heating to above the crit- 
ical range, whereqs stress relieving consists of heating to just below 
the range. (See diagram.) 






ume ИЕ ЕЕ 


TEMPERATURE. 


STRESS RELIEVING NORMALIZING FULL ANNEALING. 











TIME LAPS 


Preheating—Heating the base metal prior to the welding opera- 
tion to the temperature range 300° to 500° F. Depending on 
conditions, it may be accomplished by heating in furnace, with 
torch flame, or by a light “preheating” welding pass. 


Effect: It slows down the cooling effect (by heat absorption) of 
the surrounding base metal, thus lowering stresses and 
tendency towards hardening and cracking. 


Stress Relieving—Heating after welding to approximately 1150° 
F. or just below the lower critical temperature. Heating and cook 
ing rates should not exceed 300°-350° F. per hour. Holding time 
one hour per inch of greatest thickness. 


Effect: Relieves stresses caused by expansion and contraction, 
serving to minimize distortion in machining operations, 
improve ductility and fatigue resistance properties. 


Annealing (Full)—Heating to a temperature usually about 100” 
F. above the upper critical, followed by very slow cooling in fur- 
nace. (15°-30° F. per hour.) 


Effect: Uniform softness for better machining properties. 
Refined and uniform grain structure. 
Relieved stresses. 
Improved ductility but lowered tensile strength. 


Normalizing—Heating to above critical range (usually slightly 
higher than in case of annealing), followed by cooling in still air 
at room temperature. 


Effect: Dissolution of carbide network in higher carbon steels 
which is formed on slow cooling from high temperatures. 
Refined and uniform grain structure. 
Higher strength and hardness but less ductility than same 
steel annealed. 





(Continued) 


оо Ll 


UNIVERSAL MACHINISTS HANDBOOK 


281 





SPECIAL MACHINERY 
CEntral 9360 


McDonald Machinery Co. 


ST. LOUIS' LARGEST STOCK 


Machine Shop — Woodworking 
Sheet Metal 


MACHINES—BOTH NEW & USED 


1531-37 N. Broadway, St. Louis, Mo. 


Multiple Boring Machine Co., St, Louis, 
о. 
Will Reaves 
— RAILWAY SUPPLIES — 
1084 ARCADE BUILDING 
ST. LOUIS, MISSOURI 
и an Machine Tool Co. Rockford, 
11 
The Fred J. Swaine Mfg. Co., St. Louis, 
Mo. 
Swanson Tool & Machine Products, Inc., 
Erie, Pa. 


SPEED REDUCERS 
Abart Gear & Mach. Со., Cicero, Ill. 


BREWER MACHINE & MFG. CC. 
4821 North Broadway, St. Louis, Mo. 
CEntral 9115 
General machine work, gears, geor cut- 
ting, keyseating, special machinery, speed 
reducers, sprooekets, 


Janette Mfg. Co., Chicago, Ill. 
K. O. Lee & Son, Aberdeen, S. D. 


Multiple Boring Machine Co. St, Louis, 
o. 


SPRINGS, (A!! Kinds) 
Ace Spring Mfg. Co., Inc., New York City, 
М.Х. 


SPROCKETS 
Brewer Machine & Mfg. Co., St. Louis, Mo. 


STEEL, Aircraft 
Bethléhem Steel Со, Bethlehem, Pa. 


STEEL, Alloy 


Republic Steel Corp. Alloy Steel Div., 

Massillon. Ohio 

STEEL STAMPS 

Acromark Corp., Elizabeth. N. J. 
The C. Н. Hanson Co., Chicago 10, Ш. 
J. H. Matthews & Со. Pittsburgh, Pa. 
New Method Steel S. Co., Detroit, Mich. 
Schwerdtle Stamp Co., Bridgeport, Conn. 


The Pannier Corp., Pannier Bldg. Pitts- 
burgh, Pa 


SUPERIOR SEAL & STAMP CO. 
1402 Vermont Ауе. 
Detroit 16, Mich. 
Stamped and Embossed Metal Name, Ma- 


chine, Number, Inventory and Property 
Plates and Tags, Tool Checks. 


STRAIGHTENING MACHINERY 
Sleeper & Hartley, Inc.. Worcester, Mass. 
U. S. Tool Co., Ampere, N. J. 
Watson-Stillman Co., Roselle, N. J. 


STUD SETTERS 
Chicago Pneumatic Tool Co., New York 17, 
У: 


Independent Pneumatic Tool Co., Aurora, 
П. 


Kelier Tool Co., Grand Haven, Mich, 
Modern Tool Works, Rochester, N. Y. 
Titan Tool Co., Fairview, Pa. 


SUPERFINISHING, Machines 
Gisholt Machine Co.. Madison 10, Wis. 


SURFACE PLATES 
J. C. Busch Co., Milwaukee, Wis. 
Challenge Machy. Co., Grand Haven, Mich. 
The Hamilton Tool Со. Hamilton, Ohio 
Lombard Gov. Corp., Ashland, Mass. 
Milliken Mach. Co., West Newton, Mass. 


SWITCHES 


[Micro Switch Div. of First Іпам5ігіаї 
Corp., Freeport, Ill. 


STENCILS, Ready To Use Letters and 
Numbers 
W. H. Brady Company, Milwaukee, Wis. 


TAPES, Masking 
W. Н. Brady Company, Milwaukee, Wis. 


TAPPING MACHINES 
Atlas Press Co., Kalamazoo, Mich. 
Boice Crane Co., Toledo, Ohio 
Cleveland Tapping Mach., Cleveland, O. 
Delta Mfg. Co., Milwaukee, Wis. 
Dorman Machine Works, New York, N. Y. 
Ettco Tool Co., Brooklyn, N. Y. 
Hamilton Tool Co., Hamilton, Ohio 
Kaufman Mfg. Co., Manitowoc, Wis. 
Procunier Safety Chuck Co., Chicago, Ill. 
Rickert-Shafer Co., Erie, Pa. 


TAPS (See DIE AND ТАР SETS) 
Banner Machine Tool Со., St. Louis, Мо. 


TESTING MACHINES AND EQUIP. 
Detroit Testing Mach. Co., Detroit, Mich. 
Modern Collet & Mach. Co., Ecorse, Mich. 
Physicists Research Co., Ann Arbor, Mich. 
Pyro-Elec. Inst. Co., Detroit, Mich. 
Riehle Testing Mach. Div., E. Moline, Ill. 
Shore Inst. & Mfg. Co., Jamaica, N. Y. 


TEXT. Books, Machinists 6 Tool Makers 
Shields Publishing Со. Books for Maciuin- 
ists and Toolmakers, St. Louis 7, Mo. 
THREAD, Rolling Machines 
Reen Roller Thread Die Co., Worchester 2, 
ass. 


THREADING TAPPERS, Hand 
Lassy Tool Corp., Plainville, Conn. 


TOGGLE-ACTION CLAMPS 
Lapeer Mfg. Co., Lapeer, Mich. 


TOGGLE-ACTIO PLIERS 
Lapeer Mfg. Co., Lapeer, Mich. 
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WELDABILITY OF STEELS— 
Estimating Electrode Consumption 


Figures represent lbs. of heavily coated electrodes required per 
'foot of various sizes and types of welded joints. Weights given are 
| approximate and are based on average welding conditions, account- 
ing for stub end, spatter and coating losses, as well as normal fit-up 
conditions. Average reinforcement is considered in each case. 
| Filler Weld 
| 















































Size of Lbs. of Rod Sizeof Lbs. of Rod | 
Fillet—L Per Linear Ft. Fillet—L Per Linear Ft. | 
% .06 у .81 
% 13 % 1.23 | 
и 23 % 1.76 | 
% 136 1 3,12 | 
% .46 | 
Plain Butt Weld 5096 Penetration 
NC Space Lbs. of 
> -p ickness Between Rod Per 
A GF ; 2 LT =S Linear Ft. 
| | NS % Ke 0.21 
115 И % 0.28 
і 56 % 0.40 
Plain Butt Weld 10096 Penetration 
Plate Space Lbs of 
Thickness Between Rod Per 
к= =5 Linear Ft. 
% Hs 0.16 
As % 0.28 
А % 0.40 
Plate Lbs of Width of 
Thickness Rod Per Weld 
LT Linear Ft. =W 
М 0.22-- ВА** 74--5* | 
% 0.34--RA 245 | 
| % 0.49-I-RA %-Е5 | 
| | 2 0.88--ВА 3%,--5 | 
58 1.36 КА 2,5 
34 1.90-- RA %-+5 
3.30-- RA 1%--5 





*—Space between plates, or Root Opening. **—Rectangular area. 
See Rectangular Weld table for value corresponding to RA. 


Rectangular Welds — R A Values 











Plate Lbs. of Rod per Linear Ft. for В А | 
| Thick- 
| | пез5 | 
кт Ve" d" te V" d" % Va" | 

l4" 0.20 0.25 0.30 0.41 0.51 0.61 | 
3,” 0.29 0.36 0.43 0.57 0.71 0.86 1.14 
У," 0.37 0.46 0.55 0.73 0.92 1.10 1.47 
5$" 0.45 0.56 0.67 0.90 1.12 1.34 1.79 | 
34" 0.53 0.66 0.80 1.06 1.33 1.59 2.12 
Те 0.69 0.87 1.04 1.38 1.73 2.08 2.77 


"Ме Groove Weld у 


Plate Lbsof Width || Plate | Lbsof Width 
Thick- Rod Per of | Thick- Rod Per of 





S— Space Between Plates 


























btw ness Linear Weld ness Linear Weld | 
| unc E B. =W ЕТ Ft. —W 
| LX 1 37 272 4%, 2 1117 1% | 
| i 1 4.08 % 214 13.38 11%, 
14 5.62 З 2% 15.72 14 
1% 7.30 1X4 2% 18.25 1%, 
1% 9.08 1% w4 3 21.00 17%, 
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ТЕШ; ex ANB 


Rail way Supplies 


ARCADE BUILDING 
SAINT LOUIS 





TOOLS, Carbide 
Adamas Carbide Corp, Harrison, М. J. 
Carboloy Co., Inc., Detroit, Mich. 
The Gairing Tool Co., Detroit 32, Mich. 
Lovejoy Tool Co., Inc., Springfield, Vt. 
McKenna Metals Co., Latrobe, Pa. 
W.F. Meyers Co., Inc., Bedford, Ind. 
Michigan Tool Co., Detroit, Mich. 
Morse Tool Co., Detroit. Mich. 
Severance Tool Mfg. Co., Saginaw, Mich. 
Super Tool Co., Detroit, Mich 
Vascomy-Ramet Corp., Waukegan, Ill. 
Willeys Carbide Tool Co., Detroit, Mich. 


TOOL CHECKS 
The С. H. Hanson Co., Chicago 10, Ці. 


SUPERIOR SEAL & STAMP CO. 
1402 Vermont Ave. 
Detroit 16, Mich. 
Brass, Zinc, Aluminum Tool Checks, 
Name, Machine, Number Plates, Property 
and Inventory Tags, Employee Badges. 


TOOL CHESTS, Steel & Wood 
H. Gerstner & Sons, Dayton, Ohio 


TOOL HOLDERS 
Armstrong Bros. Tool Co., Chicago, Ill. 
Auto Ordnance Co., Bridgeport, Conn. 
Edw. Blake Co., Newton Centre, Mass. 
Lovejoy Tool Co., Springfield, Vt. 
Western Tool & Mfg. Co., Springfield, O. 


TOOLS, Lathe and Planer 
Adamas Carbide Corp., Harrison, N. J. 
American Tool Works, Cincinnati, Ohio 
Ex-Cell-O Corp., Detroit. Mich. 
Hendey Mach. Co., Torrington, Conn. 
LeBlond Mach. Tool Co., Cincinnati, O. 
O. K. Tool Co., Shelton, Conn. 
Ready Tool Co., Bridgeport, Conn. 


TOOLS, Precision, Hand 
Lufkin Rule Co., Saginaw, Mich, 


TOTE PANS 
J. L. Lucas & Son. Bridgeport, Conn. 
Pollard Bros. Mfg. Co., Chicago 30, 11. 


The Salem Tool Co., Salem, Ohio 
Stackbin Corp., Providence, R. I. 


TRUCKS, Shop and Warehouse 
Allsteel Weld. Truck Corp., Rockford, ПІ, 
Barrett-Cravens Со. Chicago, ПІ. 

Chas. E. Francis Co.. Rushville, Ind. 
The Hamilton Tool Co., Hamilton, Ohio 
Lyon-Ravmond Corp., Greene, N. Y. 
Market Forge Са. Everett 49, Mass. 


*Modern Engineering Co., St. Louis, Mo. 
(See Adv. Back Cover) 

Nutting Truck Co., Faribault, Minn. 
Pollard Bros. Mfg. Co., Chicago 30, Ill. 


TRUCKING SERVICE 


ARTHUR MORGAN TRUCKING СО, 
2923 N. Broadway, St. Louis, Mo. 


TOOL HOLDERS 


ELK TOOLS, INC. 
71 West Broadway 
New York 7, N. Y. 
ELK UNIVERSAL PRECISION TOOL 
HOLDER 


One Toolholder 

New Features! 
PERFORMS THE WORK OF 10 DIFFER- 
ENT TOOLHOLDERS, WITH GREATER 
CONVENIENCE AND FLEXIBILITY AND 
AT A FRACTION OF THE COST. 
PRECISION MADE FOR SMOOTHER OP- 
ERATION OF CAMING MECHANISM 
(Lacking device) AND FOR 100% INTER- 
CHANGEABILITY OF PARTS. 
LOCKING DEVICE has greater rigidity 
and positive locking. Сап be locked іп 
either right or left hand position. Square 
head on both ends of CAM cannot be- 
come clogged with chips and interfere 
with proper locking. No barking of 
knuckles. 
NEW CAM DESIGN provides for increased 
rigidity of the tool bit, The TRUARC 
retaining rings in cam provide for easy 
removal of cam for cleaning, oiliñg or 
replacement. Range of CAM provides for 
locking tool bits of a wide tolerance. 
BIT AND HOLDER ALWAYS PARALLEL. 
ELK UNIVERSAL PRECISION TOOL 
HOLDER which supplements all of the 
single purpose tool holders, such as are 
made by other manufacturers. DOES 
THE JOB OF TEN TOOL HOLDERS! A 
few of the many different operations that 
can be accomplished with one same ELK 
UNIVERSAL PRECISION TOOL HOLDER. 
Handles all lathe operations—a!so planer, 
shaper and social equipment. Quick 
change bit locking device, special alloy 
steel body, drop forged and heat treated. 
Super X tool bit and square box wrench 
furnished with each tool holder. The 
Diggest. value ever offered in a tool holder. 
Жог information write Elk Tool, Inc., 71 W. 
Breadway. New York М. V, 


UNIVERSAL JOINTS 
American Tool Works, Hartford, Conn. 
Borgeson Mfg. Co., Torrington, Conn. 
Mechanics Univ. Joint Co., Rockford, Ill. 


McDonald Machinery Co., St. Louis, Mo. 


V-BELTS 
The B. F. Goodrich Co., Akron, Ohio 
Rockwood Mfg. Co.. Inc. 


V-BLOCKS 
Challenge Machy. Co., Grand Haven, Mich, 
Lassy Tool Corp. РлатуШе, Conn. 


*McDonald Machinery Co., St. Louis, Mo. 
(See Adv. under Lathes) 


The L. S. Starrett Co., Athol, Mass. 
VALVES AIR 


AIR-WAY PUMP & EQUIPMENT CO. 
1050 No. Kilbourn Áve. 
Chicago 51, Ill. 


"Air-O-Chek"—The valve that operates 
by means of an internal fulcrumed lever. 
Air-O-Chek airguns have won acceptance 
with top industrial users. 

Galland-Henning Mfg. Co , Milwaukee, Wis, 


C. A. Norgren Co., Denver, Colo. 
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IDENTIFYING METALS BY SPARK TESTING 


Spark tests should be made on a high speed power grinder, and the 
specimen should be held so that the sparks will be given off horizon- 
tally. For most accurate results, the sparks should be examined against 
а dark background, preferably in a dark corner of the shop. 

The color, shape, average length, and activity of the sparks are 
details which are characteristics of the material tested. Spark testing 
сап be a very accurate method of identifying metals but it requires 
considerable practice and experience to become an expert. Severa! 
common sparks are given in the table. If the operator learns the tech- 
nique for identifying these metals readily, he will soon be able tc 
expand his experience to include others by observation and compari- 
son with the sparks from known samples. 








SS 
Stream 


Meaning of the terms 


| used in spark testing Bud B 





rea 





КЕ л. 


k Arrow 











Wrought Iron 


Low-Carbon Steel” 


High-Carbon Steel 








NS | Color - 
Ж | straw yellow 


Average 


stream 
length with 
power 
qrinder-65in 
. Volume-large 


Lonq shafts 
\ endinq in 
| forks and 


| 
arrowlike 
Ж аррепсадез | 


| 
| | ^. Color-while 





T Color-white 


Averaqe lenqth 
of stream with 
power qrinder - 
70 т 


Volume - 
moderately 
large 


| 
ШІ Shafts shorter 
111] than wrought 
|I tron and in forks 
if | and appendages 


Forks become 

more numerous 
| and sprigs appear 
а5 carbon content | 
increases 














Color-white 


Ауегаде 
Stream 
length 
with 
power 
qrinder - 
55іп 


М Volume - 


large 


Numerous small 
and repeating 
sprigs 





Alloy Steel” 





Color - 





varies with 
type and 
amount of 
alloy content 


| Shafts may 
end in forks, 
| buds or 

| arrows, 

a! frequently 
with break 
between 
Color- |) shaft and 
white arrow. Few, 
if any, sprigs 


a с. 
= 
22 











straw yellow | 


Stream length | 


| Average stream length | 





*These data apply 
also to cast steel. 
**Spark shown is for 
stainless steel. 
***Monel metal spark 
is very similar to 

nickel. н 





White Сам Iron 


Grav Cast Iron 





TA ) Color - red 
ON 








straw yellow 


with power grinder-20 n 
Volume -very small 


| Sprigs- finer than gray | 


iron, small and repeating | 








Malleable Iron | 





| Color - En 






) 


Color-red 


„Сојог - 
straw yellow 





ХУ | Average 

W stream length 
= | with power 
5 9ппаег - 25 пп 
Volume - small 


Many sprigs small 
and repeating 


Nickel" 








Color - 
straw yellow 
Average stream | 
length with 
power qrnder - 
ЗО п 
Volume-moderate | 


Longer shafts 
than gray iron 


| ending in numerous 
small repeating sprigs 





Color - orange 





Average stream length 
with power grinder - 
IO in. 


Short shafts with 
no forks or sprigs 








Courtesy of The Linde Air Products Company | 
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Welding Symbols 


Adopted As Standard by the American Welding Society, 1937 


Fon Fusion Welding | 


З 
| Ф 
© 


Type of Weld 
Groove D 


С [vad voe pee v [у |& 


For Both Fon Resistance 





Weldin y 


Standard Location of Information on Welding Symbols 


Root opening, ог smaller- X 


angle on fillet 


С зліз symbol for weld [wren used) 
*-Flush symbol 











£s 7 ps ‚ connecting refe hi 
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Space for symbols showing type of weld, \ length of weld or increments of ron-con- 
offset symbols for staggered intermittent fillets (70005 welds (omit for resistance weids) 








Dropped 5,000 times without affecting 
the filler material in any way 


INDEPENDENT CYLINDERS 


Meet Every Service Demand 


Specify that your Acetylene be delivered in 
Independent Monolithic Cylinders. It will save 
you money in drayage and delivery costs be- 
cause these cylinders will take a 5 to 10% 
greater charge than ordinary tanks. Further- 
more, they show no tendency to "spit Acetone,” 
consequently, you can work with higher effi- 
ciency as well as preserve your welding equip- 
ment with Independent Cylinders. Patronize 
the gas plant that uses Independent Cylinders 
... it is to your advantage. 

Prices and literature on Independent Acetylene 
and Oxygen Cylinders available on request. 
бе for your free copy of "What Goes In The 

ottle." 


INDEPENDENT ENGINEERING со. 
O’Fallon, Ill. 
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WELDABILITY OF STEELS—(Cont'd) 


Significance of Typical Combinations 


Wr, Indicates continuous 34” fillet 
weld on near side, made under 


shop's own specification А. > 





Spacing 
indicated 
= 





36" fillet weld bofh sides for 3$" fillet welds 2" long, 4" 
6". Welds on both sides are on centers, opposite sides stag- 
same size unless noted. gered. 


When one member 
only is to be grooved 
arrows point to that 
member, thus: 





B Indicates plates bevelled at 
Vg root opening У“ on assembly, 
90? bead deposited on root side. 





Indicates field weld both sides, by shop's specification Ag. 
Vertical plate: 
double J 
groove. Weld 
far side: con- 
tinuous. Near 
side: 2" long, 
6” on centers. 





Significance: Weld all around (encircling 
member as far as possible). Near side: У“ 
fillet, 2" long, 5" on centers. Far side: plate 
vy 2-5 has 34" J groove ( shop's standard), continu- 

ous weld. 


Read symbols from bottom and right- 
hand. side of drawing; place numerical o 
data on vertical reference lines so reader 
is properly oriented. і 


Significance: Square edges оп Significance: Closely abutting 


34 


7/8 


plates clearing №”, welded from | plates with U groove 7$" deep, Р 


near side, Y?" penetration re- near side chipped smooth. 
quired. 

Symbols govern to break in continuity of structure or to extent 
of hatching or dimension lines. Strength of resistance welds in 
hundreds of pounds noted instead of size: 








| AL Зі 
Б A~e — 2:6 
2000-1Ь. 1500-Ib. 3500-Ib. 
spot welds, projection welds, seam weld, 9" long, 
at 3" centers. at 6" centers. flush near side. 





(Continued) 
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VALVES, Air Pressure Reducing & 


Regulating 
M-B Products Co., Detroit, Mich. 


VALVES, Air Safety Check : 
E. р Bullard Company, San Francisco, 
Calif. 


VALVES, Hydraulic 
Berkeley Equipment Co., Corry, Pa. 
Black Hawk Mfg. Со. Mitwaukee 1, Wis. 
Fulflo Specialties Со. Blanchester, Ohio 


GALLAND-HENNING MFG. CO. 

2753 South 3151 St. 

Milwaukee 15, Wis. 
Nopak Air and Hydraulic Cylinders— 
Many Mounting Styles—Up to 1500# PSI 
Line Pressure. Also Control Valves, Hand, 
Foot, and Solenoid Operated Valves. 
C. B. Hunt & Son, Salem, Ohio 
Logansport Mach., Inc., Logansport, Ind. 
Oilgear Co., Milwaukee, Wis. 
Remco Prod. Corp., York, Pa. 
Vickers, Incorporated, Detroit, Mich. 


VENTILATING EQUIPMENT 
Robbins & Myers, Inc., Springfield, Ohio 


VIBRATION FATIGUE TESTERS 
All americas Tool & Mfg. Co., Chicago 14, 


VISES, Bench 
American Scale Co., Kansas City, Mo. 
Athol Machine & Foundry Co., Athol, 
Mass 

Banner Machine Tool Co., St. Louis, Mo. 
The Birtman Electric Co., Rock Island, Ill. 
Brown & Sharpe Mfg., Providence, R. I. 
Desmond-Stephan Co., Urbana, Ohio 
Fray Mach. Tool Co., Glendale, Calif. 
Grand Specialties Co., Chicago 22, Ill. 
Hartmann Mfg. Co., Racine, Wis. 
Hollands Mfg. Со., Erie, Pa. 
Jefferson Mach. Tool Co., Cincinnati, O. 
North Brothers. Philadelphia, Pa. 
Richards’ Industries, Inc., Grand Rapids 5, 

Mich, 
Yost Mfg. Co., Meadville, Pa. 


VISES, Combination Pipe 
The Vanderman Mfg. Co. 
Conn. 
VISES, Drill Press 
J. E. es Machine Works, Springfield, 
io 


Willimantic, 


VISES, Machine 
Acme Tool Co., New York. N. У. 
Athol Machine & Foundry Co., 
Mass 


Brown Engineering Co., Reading, Pa. 
Cardinal Machine Co., Glendalé, Calif. 
Chicago Tool & Engr. Co., Chicago, Ill. 
Graham Mfg. Co.. Providence, R. I. 
Hartmann Mfg. Co., Racine, Wis. 
L-W Chuck Co., Toledo, Ohio 
J. E. НӘ Machine Works, Springfield, 
io 
Mohr Lino Saw Co., Chicago, Ill. 
J. E. Plunket Mach. Co., Chicago, Ill. 
Richards’ Industries, Іпс., Grand Rapids 5, 
Mich. у 
Sales Service Machine Tool Co., 
Paul W4, Minn. 


Athol, 


Saint 


VISE-WRENCHES 
Lapeer Mfg. Co., Lapeer, Mich.. 
WASHERS 
Flat Washers in Steel, Brass, Copper, 
Stainless Steel, Aluminum and Lead, 


The Ohio Nut & Washer Co., 
Mingo Junction, Ohio 


WELDERS, Arc 


Automotive Supply Co., Appleton, Wis. 
Borm Mfg. Co., Elgin. Ill. 

Ergolyte Co., Philadelphia, Pa. 

Giant Grip Mfg. Co., Oshkosh. Wis. 
Harnischfeger Corp.. Milwaukee, Wis. 
Hobart Bros. Co., Troy, Ohio 

K. O. Lee & Sons, Aberdeen, S. D. 
Magic Electro Welder, New York, N. Y. 
National Cylinder Gas Co., Chicago, ПІ. 


WELDERS, Gas 
Air Reduction Sales, New York, N. Y. 
Linde Air Prod. Со. New York, М. Y. 
Metal & Thermit Corp., New York, N. Y. 
National Cylinder Gas Co., Chicago, Ill. 
*Modern Engineering Co., St. Louis, Mo. 
(See Adv. Back Cover) 


WELDERS, Spot 
Acro Welder Mfg. Co., Milwaukee, Wis. 
Alphil Spot Welder Co., New York, N. Y. 
Amer. Elec. Fusion Corp., Chicago, Ill. 
Dyer Welder & Engr. Co., Kansas City Мо. 
Tdeal Mfg. Со. Des Moines. Iowa 
National Cylinder Gas Co., Chicago, Ill. 
Peer Incorporated, Benton Harbor, Mich. 
Pier Equipment Co., Benton Harbor, Mich. 
Progressive Welder Co., Detroit, Mich. 
Topeka Fdy. & Iron Wks., Topeka, Kans. 
Una Welding Co.. Cleveland, Ohio 
Weldex, Inc., Detroit. Mich. 


NY 


WELDING CYLINDERS 
{Seo CYLINDERS) 


WIRE WORKING MACHINERY 
Baird Machine Co., Bridgeport, Conn. 
John Blaner Co., Sharon, Pa. 

A. H. Nilson Mach. Co., Bridgeport, Conn. 
F. B. Shuster Co., New Haven, Conn. 
Wickwire Bros., Cortland, N. У. 


WRENCHES 

Armstrong Bros. Tool Co., Chicago, M. 
Billing & Spencer Co., Hartford, Conn. 
Duro Metal Prod. Co., Chicago, 111. 
P & C Hand Forged Tool Co., Portland 

22, Oregon 
Plomb Tool Co., Los Angeles, Calif. 
Ridge Tool Со. Elyria, Ohio 
Trimont Mfg. Co., Roxbury, Mass. 
J. H. Williams Co., New York, М. Y. 
Soulhern Machinery Corp., Lakeland, Fla. 
Bill Lindsley Machinery Co., Dallas, Texas 


McGee & Hogan Machine Works, Salt 
Lake City, Utah 


Ariz, Machinery Co., Phoenix, Ariz. 
Cragin & Co., Seattle, Wash. 

Precision Machine Works, Tacoma, Wash. 
Miller-Knuth Mfg. Co., Omaha, Neb. 


Industrial Machine Co., Oklahoma City, 
a. 


Southeastern Foundries, Inc., Atlanta, Ga. 


BH === 
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MAGNAFLUX TESTS 


The Magnaflux Test is generally used to detect the presence of 
fine cracks, seams and other imperfections, too small to be seen by 
the naked eye, but which might develop local stress and cause ulti- 
mate failure in a finished part. Sometimes it is possible to detect 
certain defects, which are actually under, yet near the surface of the 
metal, and which might not otherwise be detected. Magnaflux in- 
spection does not harm the part being tested. 


Parts being tested are magnetized by one or more methods, de- 
pending on their size, shape and final application. In this condition 
they are а conductor of a magnetic flux. If interruptions occur in 
the path of the flux, a local flux leakage field is produced. 
When fine particles of ferro-magnetic powder come in contact with 
the specimen they are attracted to the local leakage field and thus 
outline its size and location. 


Ferro-magnetic powder may be applied by: dusting on dry; dip- 
ping the parts in an oil bath containing the powder in suspension; 
or pouring this oil over the parts. 


“Тһе creation of a flux leakage field requires an interruption т 
the flow of magnetic flux. The interruption or discontinuity, to be 
detected, must occur at an angle (preferably as close to 90° as 
possible) and not parallel to the direction of the flux flow. When the 
magnetic flux is traveling from one end of a bar to the other, the 
longitudinal surface discontinuities or seams are not clearly indi- 
cated, whereas, a сгаск extending around the bar across the mag- 
netic flow would be readily revealed. Since the direction of mag- 
netic flow, the amount of current used, the method of applying the 
ferro-magnetic powder, and the interpretation of the indications, 
all contribute to this highly specialized test, considerable experience 
is essential for interpreting results. 


It is useless to Magnaflux-test the surface of a bar which is later 
to be machined. Surface defects indicated by the test might be 
eliminated while other defects, beneath the surface, might not be 
revealed in the test, but might show up when the bar is machined. 


Because of the variations in testing, any indications that are used 
as a basis for acceptance or rejection of a part should be interpreted 
with respect to their number, size and location as well as the stresses 
to which the part will be subjected. The details of the Magnaflux 
Test and interpretation should be clearly agreed upon between the 
user and the steel supplier in advance of production. 


(Diagram of magnetic field in and around a magnetized round sample. 
Note Magnetic flux leakage caused by surface discontinuity.) 
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GENERAL MACHINE WORK, 
GEARS, GEAR CUTTING. 
KEYSERTING, SPECIAL MA- 


FACTURED. 
BREWER MACHINE & MFG. CO. 
4821 NORTH BROADWAY, ST. LOUIS, MO. 
CEntral 9115 
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The Meco Cut-Mas- 
ter . . . the most 
popular cutting 
torch on the mark- 
et . . . more torch in 
the way of efficiency 
and economy of oper- 
ation than its modest 
price would indicate. 


The Meco Type-A 
Heavy-Duty Cutting 
Torch .. . is the fastest- 
cutting torch made ... 
the torch that can be 
handled with utmost ac- 
curacy in gas cutting for 
fabrication. A complete 
range of Cutting Heads, 
including a straight 
head, are available for 
the Месо Type-A. Asa 
result, it is, a versatile 
and flexible cutting 
torch of greatest possible 
usefulness throughout 
the shop . . . the finest 


torch that money can 
оцу. 





For over 25 years Месо Оху- 
Aram Acetylene Welding Equipment 
[AERE has set the pace in improved de- 

2 sign and construction. When 
у e need or opportunity to buy Gas Welding 
Equipment arises, consult us . . . we have a 
complete line to offer. 






Meco Aviator, . . . the precision Welding 
Torch . . . accurately constructed for 
close-flame adjustment . . . really a pre- 
e tool, particularly suitable for aviation 
work. 


The Weld-Master Welding Torch weighs 
but a fraction of old-fashioned Welding 
Torches of similar capacity. It has the 
famous, exclusive Circle Mixer and spring ten- 
sion needle valve. The full gooseneck tips 
represent an advanced construction and are 
highly recommended for general welding prac- 
tice. 


The Super Weld-Master Welding Тогсћ is a 
heavy-duty torch for. heavy-duty welding. 
Equipped with the famous Circle Mixer, whic 
assures a long, hot flame . . . spring tension 
needle valves, and all the other exclusive fea- 
tures of the Meco Weld-Master Torches.. 





Meco Weldmaster Cutting 2 ttachment еп- 
ables the welder to go from welding to 
cutting in less than 11 seconds .. „а cut- 
ting torch that uses less gas than апу 
designed for cutting operations alone. 


Месо Safe-T-Chek Regulators ... (left). Неге 
is shown a cutaway view of a Meco Safe-T-Chek 
Regulator. The small inset shows the Safe-T- 
Chek device which operates in such a way 50 
as to eliminate all hazards of explosion . . . this 
is to be found only on Meco Regulators and is 
an exclusive Meco patent. 


Meco Tripl - Flint 
Lighter .. . lights 
the first time ev- 
ery time. Just a 
small item in the 
Meco line but in- 
dicative of the у 

rugged construction and highest quality, buílt 
into every Meco product . . . a heavy-duty 
lighter that will give a life time of service and 
carries 3 large flints, mounted in the holder 
for immediate reserve . lighter and з flints .75с 


^ Before purchasing Gas Welding Equipment of any kind, write for a сору. 


of the Meco Catalog. Meco Equipment is at its.best іп direct comparison 
with other types of equipment. Wherever possible, we shall be glad to dem- 
onstrate Meco Equipment. in your plant or shop. 


Modern Engineering бо. - 


3401-15 Pine Boulevard 


JEfferson 8250 











Acetylene Gas бо. 


St. Louis, Missouri 


жете 


